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PREFACE. 



The design of this publication is to furnish a collection 
of such works, on the most important branches of knowl- 
edge, as ought to be in the possession of every intelligent 
fiunily. It IS intended to embrace in it only works of per- 
manent utility, and such as will p/esent the subjects of 
\^ch they treat in the most authentic form, with the ad- 
vantage 01 all the lights which shall have been shed upon 
them, by the labors of the learned and scientific, up to 
the time of publication. It will consist, in part, of approved 
works of foreign origin, which shall be considered particularly 
adapted to the object in view, and, in part, of works written 
for the purpose, by distinguished nativ e aut hors, under the 
direction of the editor, and the sanction of the Society which 
has interested itself in the promotion of the pubUcation. 
Tie series wiU consist of indejpendent works, some of them 
extending to the compass of three or four volumes, but 
such as, when taken together, will form a well assorted li- 
brary. It is intended that each work shall be written in a 
style vAuch shall be intelligihlfiJtQ.^iecarefiil,reader, although 
he may have little other previous acquaintance with the 
particular subject treated oi, than may have been acquired 
from the preceding volumes of the series ; yet it is noped 
that they will be regarded as far from superficial, and that 
they will not be thought unworthy of the attention of the 
accomplish ed scholar _ and man of science. Controverted 
doctrines will be, as much as possible, avoided, and the great ' 
aim of the work will be to aid m the general dissemination 
of facts and principles, which most enlightened men unite 
in regardbg as true, and worthy of bem^ ^^Mvet^St^ >ke>ssv^ 

BMoUj June lOy 1831. 
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DISCOURSE 

I 

# DELIVERED 

BEFORE THE BOSTON MECHANICS' INSTITUTION, AT THE 
OPENING OF THEIR ANNUAL COURSE OF LEC- 
TURES, NOVEMBER, 1829. 



BY JOSEPH STORY. 



Gentlemen, 
Much haa been said respecting the spirit of our age, and 
the improvements, by which it is characterized. Many 
learned discussions have been presented to the public with 
a view to Dlustrate this topic ; to open the nature and 
extent of our attainments 5 to contrast them with those of 
former times ; and thus to vindicate, nay more, to demon- 
strate, our superiority over all our predecessors, if not in 
genius, at least in the perfection and variety of its fruits. 
There is doubtless much in such a review to gratify our 
pride, national, professional and personal. But its value 
in this respect, if we stop here, is but of doubtful, or at 
least of subordinate importance. It is not the sum of our 
attainments, but the actual augmentation of human happi- 
ness and human virtue thereby, of which we may jusdy be 
proud. If every new acquisition operates as a moving 
spirit upon the still depths of our minds, to awaken new 
enterprise and activity, to warm our hearts to new affec- 
tion and kindness to our race, and to enable us to add 
something to the capital stock of Yiximan eTiyiycaeox^^^ 
may weJ] indulge in self-congratulaUon. 1\. \vas \i^«vv ^^^ 
that he, who makes two blades of grass gcow , ^Ve^t^ ^ 



only grew Ijefore, deserves to be reelioned among Uia 
benefactors of mankind. And it iias been justly said; 
!>ecause he has added so much means to the support of 
life, and thus promoted die effective power and prosperilj 
of the whole comniiinily. The true test of the value ol^ 
all attainments is their real utility. 

I tlo not mean by this remark to suggest, that nothing 
to be esteemed valuable, except its utility can be traced 
directly home to some immediate benefit, in visible opera- 
tion as an effect from a eause. Far otherwise. There 
are many employments, whose chief object seems litlta 
connected with any great ultimate benefit, which yt 
administer widely, though indirectly, to the substantia 
good of society. There arc many studies, which seem 
remote from any direct utility, whicii yet, like the thou- 
sand hidden springs, which form the sources and Btreami 
of rivers, pour in their contributions to augment tlie coih 
stantly increasing current of public wealth and happiness. 
We nrtust, not, therefore, when we examine an art, or aii 
ntrention, a book, or a building, a study or a curiosity^ 
meiBure its value by a narrow rule. We must not ask 
ourselves, whether we could do witliout it ; whether it b« 
indispensable to our wants, or, though missed, could yet 
be spared, ^t the tnie question in such cases ought 
be, whether in the actual structure of society, it gratifies ■ 
reasonable desire, imparts an innocent pleasure, strengthi 
a moral feeling, elevates a single virtue, or chastens or- 
refines the varied intercourse of life. If it does, it is stilll 

•/'//) ia (he truest sense of ilie term, although it may not 
directly to feed tlie hungry, cute ii\e wpV,,?!*™^^!;^ 
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consolation to the afflicted, or even remove the irksome 
doubt of a poor Ktigant groping blindfold through the dark 
passages of the law^ 

It is not easy, indeed, to name many pursuits, of which 
the inutility is so clearly made out, that they may be 
parted with without regret, or without disturbing the good 
order and arrangements of society. Some that at a short . 
sight seem, if not frivolous, at least unnecessary, to men 
(rf narrow capacities, will be found on a larger survey, to 
be connected with the most important interests. The fine 
arts, for instance, painting, music, poetry, sculpture, archi- 
tecture, seem almost the necessary accompaniments of a 
state of high civilization. They are not only the grace 
and ornament of society, but they are intimately connected 
with its solid comforts. If tlicy did no more than gratify 
our taste, increase our circle of innocent enjoyment, 
warm our imaginations, or refine our feelings, • they 
might be fairly deemed public blessings. But who is so 
careless, as not to perceive, that they not only give encour- 
agement to men of genius, but employment to whole 
cl&sses in the subordinate arts ? They not only create a 
demand for labour ; but make that very labour a means 
of subsistence to many, who must otherwise be idle and 
indolent, or by pressing upon other business, sink the 
ccxnpensation for labour, by a ruinous competition, to its 
minimum price. How many thousands are employed upon 
a single block of marble, before, under the forming hand 
of the artist, it breathes in sculptured life? Before it meets 
us in the surpassing beauty of a Yetvu^, at ^e ^\»s:^iais^ 
iadignathn of an Apollo? Our granite vjovi^'^. Vw^ '^nks 

1* 
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bered forever in its quarries, if architecture had not^ under 
the guidance of taste, taught us to rear the dome, and the 
temple, the church of religion, and the hall of legislation, 
the column of triumph, and the obelisk of sorrow. To 
what an amazing extent are the daily operations of the 
press ! With how many arts, with how much commerce, 
with what various manufactures, is it combined ! The 
paper may be made of the linen of Italy and the cotton 
of Carolina, or Egypt, or the Indies ; the type and ink of 
the products of various climes ; and the text must be com- 
posed, and the sheets worked off, by the care and diligence 
of many minds. And yet if no books were to be printed, 
if no newspaper or pamphlet were to be struck off, but 
what were indispensable ; if we were to deem all class- 
ical learning useless ; and all poetry and fiction, and dis- 
sertation and essay, and history, a sad abuse of time and 
labour and ingenuity, because we could do without them ; 
and because they did not plant our fields, or turn our 
mills, or sail our ships ; I fear, that the race of authors 
would soon become extinct; and the press, busy, as it 
now is, with its myriads, would sink back into the silence 
of the days of Faustus, and require no aid fi-om the su- 
pernatural arts of his suspected coadjutor. Sure I am, 
that the power-press of your own Treadwell, that beautiful 
specimen of skill and ingenuity, would be powerless, and 
no longer in its magical works delight us in our rooming 
search, or in our evening lucubrations. 

I have made these suggestions, not so rouch as appro- 
priate to the objects^ which 1 have in Niew *m \k\vs. %ddsess^ 
'^ io guard agsunst the supporition mvAaatfeStfyw^^Cnax^^ 
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liberal arts are not worthy of our most intense admiration 
andjcespect. 

Qf I were called upon to state, that, which upon the 
whole was the most striking characteristic of our age, that 
which in the largest extent exemplified its spirit, I sliould 
unhesitatingly answer, thatTt was the superior attaclinient 
to practical science over merely speculative science. Into 
whatever department of knowledge we search, we shall 
find, that the almost uniform tendency. oLlhaJast fifty 
years has been to deal less and less with theory^ and to 

confine the attention more and more to practical rcsiilta. 

^^__ .-■•■-•- -— ■• -- ■ ~ ■ ■~~— - - ,^™» ^^^j 

There was a period, when metaphysical inquiries consti- 
tuted the principal delight of scholars and philosophers ; 
and endless were the controversies and the subtleties, 
about which they distracted themselves and their followers. 
The works of Aristotle, one of the greatest geniuses of 
aU antiquity, were studied with a diligence, which will 
hardly be believed in our day, and exerted an influence 
over the minds of men, almost down to the close of the 
seventeenth century, as wonderful, as it was universal. 
He was read, not in what would now be deemed most 
important, in his researches into natural history, and the 

phenomena of the external world, or in his dissertations 

* 

(m politics and government, and literature; but in his 
metaphysics, and endless inquiries into mind and spirit, 
and essences, and forms, and categories, and syllogisms. 

Lord Bacon, two centuries ago, in some most profoimd 
discourses, exposed the absurdity of the existing system 
of study, and of its unsatisfactory «ima wA t^'8q^» ^^ 
mdicated the necessity of inquiimg \tv\o mciv\»i %a» ^^^ 
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natural phenomena by other means ; by what is called the 
method oiLinduction, that is, by a minute examination of 
facts, or what may properly be called experimental philo- 
sophy. This in his judgment was tlie only safe and sure 
road to the attainment of science, and by subjecting eyery 
theory to the severe test of facts, would save a useless con- 
sumption of tuiie and thought upon vague and visionary 
projects. 

It may seem strange, that such wise counsels should not 
be listened to with immediate if not universal approbation. 
The progress, however, even of the most salutary truths is 
slow, when there are no artificial obstacles in the way. But 
when men's minds are pre-occupied by systems and pur- 
suits, which have received the sanction of many genera- 
tions, every effort to overcome errors, is like the effort to 
carry an enemy's fortress. It can rarely be accomplished 
by storm. It must be subdued by patient mining, by a 
gradual destruction of outposts, and by advances under 
cover of powerful batteries. Lord Bacon's admonitions 
can scarcely be said to have gained any general credence 
until the close of the seventeenth century ; and their tri- 
um^phant adoption was reserved as the peculiar glory of xy 
our day. 

, It is to this cause, that we are mainly to atdribute the 
comparatively slight attention at first paid to discoveries, 
which have since become some of the most productive 
sources, not only of individual opulence, but, in a large 
sense, of national wealth. The history of the steam-engine 

^ /ul? of instruction upon this subject. The Marquis of 
Wojvester early in the reign of Cbw\©a U., <^^^^^ ^a^ 
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directed the attention of the public to tiie expansive power 
of steam when used in a close vessel ; and of its capacity 
to be employed as a moving power in raachmery. The 
su^estion slept almost without notice, until about the year 
1698, when Capt. Savery, a man of singular ingenuity, 
C(»structed an apparatus, for which he obtained a patent, 
to apply it to practical purposes. The invention of a 
safety-valve soon afterwards followed ; and that again was 
succeeded by the use of a close fitted piston working in a 
cylinder. Still, however, the engine was comparatively 
of little use, until Mr. Watt, a half century afterwards, 
efiected the grand improvement of condensing the steam 
in a separate vessel, communicatmg by a pipe with the 
cylinder ; and Mr. Washbrough, in 1778, by the applica- 
ticm of it to produce a rotatory moticm, opened the most 
extensive use of it for mechanical purposes. 

It was in reference to the astonisiuag^impulse thus 
given to mechanical pursuits, that E^ D^^o^i^toore than 
fiarty years ago, broke out in strains equally remarkable 
for their poetical enthusiasm, and nrophetic truth, and pre- 
dicted the future triumph of the s|eam-engine. 

** Soon shall thy arm, unconquered steam, afar 
Drag the slow barge, or drive the rapid car ; 
Or on wide waving wings expanded bear 
The flying chariot through the fields of air ; — 
Fair crews triumphant, leaning from above. 
Shall wave their fluttering kerchiefs as they move, 
Or warrior bands alarm the gaping crowd, 
And armies shrink beneath the shadowy cloud." 

What would he have said, if he hadhul \\n^ \a ^^toss^ 
the imnHxrtal invention of Fulton, vftack se^m^^iJsssiQ^^s 
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move in the air, and to fly on the wings of the wind? 
And yet how slowly did this enterprise obtain the puhlic 
favour. I myself have heard the illustrious inventor relate, 
in an animated aiid a£^cting manner, the history of his 
labours and discouragements. When, said he, I was 
building my first steam-boat at New York, the project was 
viewed by the public either with indifference, or wiA 
contempt, as a visionary scheme. My firiends, indeed, 
were civil, but they were shy. They listened with patience 
to my explanations, but with a setded cast of incredulity 
on their countenances. I felt the full force of the lamen- 
tation of the poet, 

*' Truths would you teach, to save a sinking land, 
All shun, none aid you, and few understand." 

As I had occasion to pass daily to and fi*om the building- 
yard, while my boat was in progress, I have often loitered 
unknown near the idle groups of strangers, gathering in 
little circles, and heard various inquiries as to the object 
of this new vehicle. The language was uniformly that 
of scorn, or sneer, or ridicule. The loud laugh often rose 
at my expense; the dry jest; the wise calculation of losses 
and expenditures ; the dull but endless repetition of the 
Fulton Folly. Never did a single encouraging remark, a 
bright hope, or a warm wish, cross my path. Silence 
itself was but politeness, veiling its doubts, or hiding its 
reproaches. At length the day arrived wlien the experi- 
ment was to be put into operation. To me it was a most 
trying and interesting occasion. I invited many firiends to 
SO on boaid to witness the first sacceaabA \x\!^. Msay 
yf diem did me the favour to .attend, as a toat^et ol ^^«- 
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sonal respect ; but it was manifest, that they did it with 
reluctance, fearing to be the partners of my mortification, 
and not of my triumph. I was well aware, that in my case 
there were many reasons to doubt of my own success. Tho 
machinery was new and ill made ; many parts of it were 
constructed by mechanics unaccustomed to such work; 
and unexpected difficulties might reasonably be presumed 
to present themselves from other causes. The moment 
arrived, in which the word was to be given for the vessel 
to move. My friends were in groups on the deck. 
There was anxiety mixed with fear among them. They 
were silent, and sad, and weary. I read in their looks 
nothing but disaster, and almost repented of my efforts. 
The signal was given, and the boat moved on a short dis- 
tance, and then stopped, and became immovable. " To 
the silence of the preceding moment now succeeded 
murmurs of discontent, and agitations, and whispers and 
shrugs. I could hear distinctly repeated, " I told you it 
would be so — ^it is a foolish scheme — ^I wish we were well 
out of it." I elevated myself upon a platform, and ad- 
dressed the assembly. I stated, that I knew not what was 
the matter ; but if they would be quiet, and indulge me 
for a half hour, I would either go on, or abandon the 
V03rage for that time. This short respite was conceded 
^mthout objection. I went below, examined the machinery, 
and discovered that the cause was a slight mal-adjustment 
of some of the work. In a short period it was obviated. 
The boat was again put in motion. She continued to 
move on. AU were still incredxAoua. ^c«\a ^^^exsv^^ 
wilUng to trust the evidence of theVc ovm b^'s.^^* ^'^V 



ihe fair city of New York ; we passed ihrougli tin 
romantic aod ever-varying scenery of the highlanda ; w( 
descried tlie ctusiering houses of Albany ; we reached it 
shores; and tlien, even tiien, when all seemed achieved* 
1 was the victim of disappointment. ' IniagiDation siipeH 
seded the influence of fact. Il was then doubted, if it 
could be done again; or if done, it was doubted if ife 
could be made of any great value. 

Such was the history of the first experiment, as ii fell, 
not in the veiy language which I have used, but in ita 
substance, from the lips of the inventor. He did not Lve 
indeed to enjoy the full glory of his invention. It it 
mournful to say, that attempts were made lo rob him b tho' 
first place of the merits of his invention, and next of its 
fruits. He fell a victim to his etforts to sustain his title to' 
bolli. When already his invention had covered the waterj' 
of (he Hudson, he seemed little satisfied with the resullsj 
and looked forward to far more extensive operations. My 
ultimate triumph, he used to say, my ultimate triumph will 
be on the Misaissippi. I know, indeed, that even now it> 
is deemed impossible by many, that the difficulties of il» 
nangation can be overcome. But I am confident of 
■ success. I may not live to see il ; but the Mississippi will 
yet be covered by steam-boats ; and thus an entire chang« 
be wrought in the course of the internal navigation and| 
commerce of our country. 

And it has been wrought. And the steam-boat, lookingi 

to its eflects upon commerce and navigation, to the conv- 

iuaed inffueaces ol facilities of travelling and facilities ofl 

Bfe of rapid circulation of news, owA s\A\ ronse t%^4 
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circulation of pleasures and products, seems destined to 
be numbered among die noblest benefactions to die 
human race. 

I have passed aside from my principal purpose to give 
in tbis history of die steam-boat, a slight illustration of die 
slow progress of invendons. It may not be unacceptable, 
as a tribute to the memory of a man, who united in 
himself a great love of science widi an inextbguishable 
desii:e to render it subservient to the pracdcal business 
of life. 

But perhaps the science of chemistry affords as striking 
an instance as any, which can be adduced, of die value of 
Lord Bacon's maxims, and of the paramount importance 
of facts over mere speculaUve philosophy. It was for- 
merly an occult science, full of mysteries, and unedifying 
processes, abounding in theories, and scarcely reducible 
to any radoaal principles. It is now in the highest sense 
entitled to the appellauon of a science. The laws of 
^^^^ acdon have been examined and ascertained with 
great accuracy, and can now be demonstrated with as 
much clearness and facility, as any of the laws, which 
belong to mechanical philosophy. It has become emi- 
nently a pracdcal science ; and its beneficial effects are 
fek in aknost every department of life. The apothecary's 
^p no longer abounds with villanous compounds and 
nostrums, the disgrace of the art. Chemistry has largely 
^administered to the convenience as well as the efficacy 
of medicines, by ascertaining their qualides, and compo- 
nent parts, by removing nauseous substances^ simplifying 
;2ftX!es»e!^ aod purifying the raw malen^Xs* \\.\»a.^^<^^>a.^^ 

2 
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the lives of thousands by its wonderful safety lamps, w! 
prevent explosions from the invisible but fatal fire-da 
of mines. It lights our streets and theatres by its bt 
tiful gas, extracted from coal. It enters our dye-hoi 
and teaches us,how to fix and discharge colors, to com 
and to separate them; to bleach the brown fibre, 
impart the never-fading tint. It discloses the nature 
properties of light and heat, of air and water, of the ; 
ducts of the vegetable and animal kingdoms, of earths 
alkalies, and acids, and minerals, and metals. And, tho 
we have not as yet discovered by it the philosopt 
stone, or learned how to transmute all other substai 
mto gold, we have gained by it a much more valu 
secret, the art of improving our agriculture, perfecting 
manufactures, and multiplying aU our comforts, by gi 
new power to all the arts of life, and adding new vi{ 
to a home-bred industry. It has indeed conferred bene 
where they have been least expected. By expouni 
the origin and causes of ignes fatui, it has put to flight 
whole host of goblins, and imps and fairies, and spr 
that inhabited our low grounds and wastes, and requ 
some holy incantation to lay them in the good old < 
of superstition and omens, and death watches and gh< 

.th^t vanished at the crowing of the cock. It may 
indeed, be said to have given much aid to the law, exi 
when some luckless inventor has been driven into a ted 
lawsuit by an infi-ingement of his patent, and has fo 
his money melt away under its dissolving power. 
Haifa century ago the compoaitioQ of the atmospl 

and ocean were unknown to phStoyisYsy^ TV» \^^ts3os 
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lectric fluid and lightning was scarcely established, 
wonders disclosed by the galvanic battery had not 
entered into the imagination of man. 
is unnecessary for me to trace the causes, which 
tally led to these changes in the objects and pursuit 
ience. For a long period after the revival of letters, 
linds of educated men were almost wholly engrossed 
lassical learning, and philology, and criticism, and 
ladcal theology, and endless commentaries upon 
Y texts both in law and divinity. The study of pure 
mixed mathematics succeeded; and astronomy, as 
served, absorbed all the attention and genius, which 
not devoted to literature. But scholars of all sorts, / 
eneral consent, looked with indifference or disdain 
the common arts of life, and felt it to be a reproach 
tingle in the business of theardzan. One should 
386, that the alliance between science and the arts 
K> natural and immediate, that litde influence would 
scessary to bring about their union. But the labora- 
and the work-shop, the study of the geometrician, and 
bed of the macliinist, were for ages at almost immeas- 
e distances from each other; and the pathways 
sen them were few and little frequented, 
was not until some fortunate discoveries in the arts 
ed to opulence, that&cienjuHc men began to surrender 
pride, and to de yote ibjemselves practically to the 
jvement of the arts. The first-great step in modem 
ce was to en ter th e work-shop, and superintend its - jjj 
itions, and analyze an3 explain its ijiniMAjk\»&. K\id. v 
^me6t3 derived Scorn this coxmexXon YaN^ ^^"^^ 
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been incalculable both to art and science. Each hleurb< 

' astonishingly im^Nroved by the other ; and a hint deiii 

from one has often led on to a train of inventions and f 

coveries, the future results of which are beyond all bun 

^' power to measure. Thus, dignity and importance h 

. been added to both. The manufiskcturer, the maclm 

the chemist, the engineer, who is eminent in his art, n 

C now place himself by the side of the scholar, and 

mathematician, and the philosopher, and find no churi 
^^ claim for {N-ecedency put in. His rank in society, fi 
V reference either to the value of the products oT his sddll, 
^ Che depth of his genius, sinks him not behind liie fb 
^ roost of those, who strive for the first literary disdndiQ 
This fortunate rjiang^ ip thr piihlir npininrij which 1 
/ made it not only profitable, but honouraBte^-t^-^iufgiie 
^me(^anicaLjii^9 is already working deeply into aO 
elements oTlnodem socieQr. It has already accomplish 
\diat it is scarcely a figure of speech to call, miracles in 
arts. Who is there, that would not desire to rival, if 
does not envy, the inventions of Watt, of Arkwrigbt, f 
Fulton ? Who would ask for a fairer reputation, or k^ 
or more enduring' fame, than belongs to them ? And 
we have but just entered on the threshold of the resuhs, 
which their labours must lead future generadcMis. We < 
scarcely imagine the number of minds, which have bi 
afa*eady stimulated to the pursuit of practical science 
their successful example. Whichever way we turn, 
may see minds of the first class diverted from the e^ 
Usbed pTofesmons of law, phy»c, «aA.dmDit^^ xnl^ooci 
ibe votaries, nay the enthuaiaaiUc vc((»ne&,Q& ^CcM&vtva^ 
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! beginning to realize die first effects of this intense 
itioQ and appropriation of the genius of our age in 
ineous, apd elegant inventions. 
I true m the general progress of society, jhat art 
iH y fffe cedes science. The savage first constructs 
ty prepares his food, fashions his weapons of defence, 
ultiplies hb power, by the application of the rudest 
als. His wants being supplied, he may then dream 
inies. But the road lies open to hiiii^jioti)y the in- 
ttioii of principles, but by the application of manual 
ity, and steady labour to acquire them. And this 
) most part continues, or rather has continued to be 
der of things, until very late stages of civilization and 
sent. At present this order is almost entirely re- 
1. It may now be said with truth, that in a general 
Bcieoce precedes. ai:t; that is, the improvements, 
are made in art, arise more often firom an exact ^ 
gatioD of principles, than from bare experiments or 
sntal combinations. Principles suggest the expert- 
rather ^.sm_ exj)efiment th^ principles. In ^e most * 
tant branch es of manufacture s, where skill is so con-. ^ 
' in demand, and economy in c^ration is so indis- 
3le, and ccxnpetition is universal, there is now a per- 
tasking of the wit of man to invenj some cheaper,^ 
»r, or neater combination. Something to increase^ 
bcity, and uniformity of motion, the delicacy and 
ity of spinning, the beauty or fineness of fabrics, tbf 
city or directness in application of power, or some- 
to ascertain and separate the wocMe«!& %E^sa^ ^^ 
b in materials^ is the ambitioii o{ a itooswA tsksq^ 
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«t the same instant ; and the project holds out a 
rewar(h to the fortunate discoverer. The result is, 
thej^scovery is often siniiillaneously made by difil 

,i<femds at great distances, and without the slightest con 
n with each other. At other times dlflerent ii 
tions are at tlie same moment employed, and worS 
with rival skill ilie some purposes by opposite means. 
this way, and especially in manufactures, die most p« 
existing machinery is perpetually in danger of becoi 

'useless, or at least unprofitable, by the inti'oduciion 
angle improvement, which gives it a superiority of 
per oentura upon the capital employed. An instance, i 
trative of these remarks, occurred in the course of my 
official duties, in a suit for the infringement of a p 
right. A beautiful improvement had been made ia 
double-speeder of the cotton spinning machnie, by cm 
our ingenious countrymen. The originality of the ii 
; eslabUshed by the most satisfactory evida 
The defendant, however, called an Englishman as a 
ness, who had been but a short time in the country^ 
who testified most explicitly to the existence of a lite 
Lhe improveii machinery in England. Ag 
such positive proof tliere was much difficulty in proti 
ing. The testimony, though doubted, could not h( 
credited ; and die trial was postponed lo anoUier lernfl 
the purpose of procuring evidence lo rebut it. An i 
was despatched lo England, for this and other obji 
and, upon his return, the plaintifT was content to bet 
nonsuited. There was no doubt, that the invention 
s wiihout any suspicion ni its exis^e^ice eXse^NVei* 
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d)6 genius of each country, almost at tlie same moment, 
accomplished independently die same achievement. 

I have introduced these considerations to the view of 
tlK)se,who are engaged in the arts, and especially of those, 
whose studies this Society is designed to patronize, for the 
^A purpose of leading tliem to the reflection, that in the pre- 
l sent state of things it is no longe r safe u^fegJj&jMJUi and 
diat mere dexterity and mechanical adroitness, e;^iertness 
of l^^^uU or flf^Q^'"^?? ^ labour, are not alood sufficient 
to guaranQr to the individual a successful issue in. his busi- 
d ggss. Science is becoming almost indispensable, in order 
yA to master improvements, as theyocciif, an3To keep up, in 
X some measure,'^'tK'the skm of A^^^^ will otherwise 

happen, that a mechanic, by the time he has arrived mid- 
rjJ way in life, will find himself superseded by those, who, 
cj though much younger, have begun life under more favor- 
si able auspices. But upon this I may have occasion to 
C! enlarge a litde more hereafter. 

rjl I have already spoken of the advantages resulting from 
uj scientific men becoming familiar witli the work-shop, 
and the operajiQn5..Qf_jWt. But a fur ipqr^ important 
and the second great step in. improvement, is to 
echanlcs and" gxtizans to the rank of scientific 
uirers. 

t is singular, that no attempt was ever made to provide 
>4 sjrstematically for such an object, until a period so recent, 
si that it seems but an affiur of yesterday. The truth is so 
o( obvious, that he, who is engaged in the practice of an art, 
i« niust, with egual advantages, be far beUei c{asXi^fe^\o\\ar 
/ ptove and perfect its operations, than Y\e,vAio met^^ ^<y>- 
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rizes without any knowledge of practical difBcultie 
it is matter of surprise, that it should have been at 
overlooked. The origin a nd his tory of Me^Jianics' 
tutions was brought before you on the first opening o 
own Institution, with so much fulness and accuracy, 1 
learned gentleman, who addressed you on that occ 
that I may well be i^ared any effort to retouch, wl 
has so faithfuUy delineated. Until the nineteenth a 

. no one thought of a system of scientific insti-uction, 
less of mutuallnstruction, for those, who^wefe to be 
in the arts. These institutions began, as you know, 
the auspices of Professor Anderson, at Glasgow, ai 
idowly worked their way into public favour, that ten 
ago they were unknown in that city, which boasts h< 
the modem Athens, and seven years ago all the 
ence and reputation of Dr. Birkbeck were requis 
introduce them into the reluctant circles of London. 
I look upon this as a new era in the history of sci 
and it may be safely predicted, that these establish 
are destined hereafter to work more important chan 
the structure of society, and in the improvement < 
arts, than any single event, which has occurred sin 
invention of printing. 

What I propose in the residue of this discourse 
offer some onsiderations in vindication of this o] 
and also some considerations by way of encouragem 
those, who, as mechanics and artizans, are incii 
devote themselves to the pursuit of liberal science. 
And in the first place I m\^t TemSoW^^lcvdV ^^bcsk 

talent sure linuted to no rank or coaditwia cA \\fe. 
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have been distributed by the bounty of Pro\ndence, with 
an equal hand, througli every class of society. They are 
among those gifts, which poverty cannot destroy, or wealdi 
confer ; which spring up m die midst of discouragements 
and difficuldes, and like the power of steam, acquire new 
dasUcHy by pressure ; which ripen in the silence of soli- 
tude, as well as in the crowded walks of society ; which 
the cottage may nourish into a more healthy strength, 
than even the palace, or the throne. The most form idable 
enemy to genius is not labor, but indolence ; want of in- 
terest, and excitement ; want of motive to warm, and of 
; object to accomplish ; ignorance of means, leading to in- 
diflference to ends. Hence it is, that ,the very Jbighest and 
the very lowest orders of sooietyj often present die same 
mental phenomena-3-% fixed, and languishing disease of the 
inteDectual powers^^BrhQirie. JUiriosity wastes itself in trifles, 
and a cold lisdessuess, brooding over the thoughts, lets fall 
& preternatural stupor. Their misfortune is that, so beau- 
tifilDy touched by die poet 

<< Bat knowledge to their eyes her ample page, 
Rich with the spoils of time, did ne'er unroll." 

might remark in die next place, diat the rewards of 
ience are most ample, whether they be viewed in refer- 
ence to personal enjoyment, to rank in society, or to sub- 
stantial wealth. 

It is one of the wise dispensations of Providence, that 
ttnowledge should not only confer power, but should aliso 
|oonfer happiness. Every new attainment is a new source 
of pleasure ; and thus the desire for it Vncxe^sfe^ ^& ^^^ ^s» 
k Is gratiGed. It not only widens the spVvete ol cwt 
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thoTlghts, but it elevates them, and thus gives them a liv€ 
lier moral action. When one has seen an apple fall froi 
a tree, and is told for the first time, that its fall is regulate 
by the law of gravitation, the simplicity of the truth ma; 
scarcely awaken his curiosity. When he is told, that tb 
same law regulates the plumb line, and enables him uner 
ringly to erect his house in the true perpendicular, he per 
ceives, with pleasure, a new application of it. When h 
is further told, that there is a constantly increasing rapidilj 
in every descending body by the same law, so that it fall 
in the second instant double the space it doies in the first < 
and that the whole doctrine of projectiles, both in natun 
and art, depends upon it ; that it governs the flow of rivent 
and the fall of cataracts, and the gentle rains, and the 
gentler dews, and the invisible air; that it guides the 
motion of the water-mill, the aim of gunnery, and the op^ 
rations of the steam-engine; he cannot but awaken U 
some emotions of admiration. But, when he has beei 
taught, that the same Jaw regulates the ebb and flow of th( 
tide, the motions of the earth and the planets, and the sun 
and the stars, and holds them in their orbits, and bindi 

« 

them in an eternally revolving harmony ; that to this hi 
owes the return of day and night, the changes of tb 
seasons, seed-time and harvest, summer and winter ; if hi 
be any thing but a clod of the valley, how can he bu 
exclaim, in wonder and amazement, 

** These as they change, Ahnighty Father, theee 
Are but the varied God. The rolling year 
Is full of thee." 

What can tend more to exalt the dLVgockty c\^ cwx \^a.tarQ 
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the consideration, that tlie mind of man has not ofTly 
able to grasp and demonstrate diis law, but to apply 
to the solution of an infinite number of qucsUons, appa- 
KDtly beyond the reach of his boldest eflbrts. He has 
ken able to ascertain the motions and size of the whole 
planetary system ; to calculate every perturbation arising 
iom the constant but changeful influence of mutual gravi- 
tttioQ ; to ascertain the paths of comets ; to calculate 
Gclipsies with unerring certainty, and to foretell the very 
Qmiute, nay, the very instant, of occultation of the most 
distant satellites. He can thus read through the past, as 
weD as the future, all the various states of the heavens for 
thousands of years. He has been able to apply this 
knowledge to the noblest purposes; and the mariner, by 
its aid, descries his home-port widi the same ease on the 
daik bosom of the ocean, as he points it out from tlie little 
hill-top, that overlooks his native village. 

If we pass from the contemplation of diis sublime law 
of nature to others, which belong to animal or vegetable 
life, to those, which form and preserve the treasures of the 
earth, and of the sea, even down to diose, which regulate 
die minutest particles of matter, fce light of science will 
enable us every where to behold new and increasing 
wonders, ^nd to remark the operations of infinite power, 
Satever varied, and yet forever tlie same. It is impossible, 
that the mere perception of such laws should not afford 
pleasure to every ratiQjial mind. But when we further 
learn, that these very Inwg arft mnHfi rftn^jn^ially snhser- 
vient to the use of man ; that by the knowWd^^a o^ \k\^v^ 
he is ei^abled to create power, and petfecV. taetJckasvsc,'^ 
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operations ; that he can make the winds and the w 
the earth and the air, heat and cold, the ductile m 
and the solid rocks, the fragile flower, and the tow 
forest, minister to his wants, his refinements, and U 
terprise, we are compelled to admit, that the capac 
trace back such effects to their causes, must elevate 
enlarge, and invigorate the understanding. 

ere is also real dignity, as well as delight, in 
and whenever they shall become the geneii 
companiment of mechanical employments, they must 
«^ most beneficial change in the general structui 

^" society. The arts of life are now so various and in 

' ant, so intimately connected with national prosperity 
individual comfort, that for the fiiture, a very larg€ 
portion of the population of every civilized country 

,v be engaged in them. The time is not far distant, 
the mechanic and manufacturing interest will fom 

' "Vgresit baliuicing power between the conflicting interes 

commerce and agriculture^ between the learned pi 

sions, and the mere proprietors of capital, between th< 

lalx)nrcr, and tlie unoccupied men of ease. In prop 

' to the degree of the knowledge, which belongs to thij 

^\ leciive interest, in proportion as its industry is combined 
science, will be its influence on the well-being and s 
of society. It is of tlie first importance, therefore 
education should here exert its most extensive power 
by elevating the morals, as well as stimulating the c 
prise of artisans, give a triumph to intellect over 
physical forces and thus secure one of the most dangi 
passes of socm] life agidnst ibe wmiipAoiva or\^wswx« 
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[popular fury. It is a trutli not always sufficiently felt, that \ 
i«^ience, while it elevates the objects of desire, has, in the 
l^same proportion, a tendencyno nfestrain the outbreakings 
■?'of the bad passions of mankii^^ 

**= TT might remark in the next place, that the pursuit of 
^'^ pracdcal' science is not only a source of inexhaustible 
pleasure, opening new avenues to rank and reputation; 
' ' but it is at the same time one of the surest foundations of 
^ opulence. " Mere mechanical labour, from the perpetual 
^ competition arising from an increasing population, has a 
" natural tendency to descend in the scale of compensation. 
t:^ But this efiect is astonishingly increased, by the constant 
application of machinery, as a substitute for the labour of 
:- man. The perfection of machinery has in this manner, at 
: times, thrown whole classes of artisans out of employ- 
ment, and compelled them to resort to new pursuits for 
support. Mere manual skill and dexterity are nothing, 
when put in competition" with the regularity, rapidity, 
and economy of machinery, working under the guidance 
of science. Now, it must be obvious, that in proportion 
% as an artisan possesses sciencej^ will be his. facility in 
passing from one bi^ch of an art to another ; and his 
ability to command a higher .prJQgL for his__seiyices. His 
capacity, too, for adopting improvements, and keeping 
pace with the genius of the age, will, (as has been already 
hinted) be thus immeasurably increased. So, that in the 
narrowest and most limited view, there is a positive cer- 
tainty of gain, by understand ing the sripntifir, princi^es of 
the artj,whicli tre pr ofess. 
But this would be a very inadeqviaXe ^SfiW ^'^ "^ 
3 
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benefits arising from this source. It is the power < 
science in awakening the dormant ene rgy o t genius ; 
pointing out to it the true means to arrive at great end: 
in preventing it from being wasted in visionary scheme 
or retarded by. clumsy processes; in short, it is ti 
power of science in suggesting the first hint, or strilm 
out the first spark, or. directing the unsteady aim; i 
J removing the intermediate obstacles, that constitutes i 

- true value, and perhaps its noblest excellence. Ev( 
after the first step is taken, and the first developement < 
inventive genius assumes shape and body, how mai 
obstacles are to be overcome ; how many unexpecti 
difficulties are to be met ; how many toilsome days bi 
nights are to be consumed in nice adjustments and minu 
alterations. It is here, that science may be said to fost 
and nourish genius ; to administer to its wants, and sootl 
its disquietudes, and animate its inquiries. (What log 

/rithms are to the mathematician, knowledge oT princip] 

f '^to the mechanic. It not only abridges the processes • 
computation, and thus diminishes labour, but it puts hi 
in possession of means and computations, otherwise abs 
lutcly beyond the reach of human caJculation!\ Alt 
Fulton had securely achieved, in liis own opimon, t 
invention of the steam-boat, montlis were consumed 
him, as I learned from his own lips, in making the nec< 
sary calculations upon the resistance of fluids, in order 
ascertain what was the best form of the boat, to ensure 
successful issue to his experiment. I myself, in t 
tvourse p/iny judicial life, have had occasion to learn fire 

^^ess0g ^{j(j brigin and history, ^ivOi ^t;si^v\Q\ lcirre«!o«sck. 
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two of the most elegant inventions in our own country ; 
Bid in both instances tlie original machine, rude, and 
unsigbtly, and cumbrous enough, was brought into court, 
as the best proof of the first sketch, compared with die last 
labours of the admirable inventors. I have not the least 
hesitatioa in saying, that if either of those extraordinary 
minds had been originally instructed in the principles of 
mechanical science, half tlieir labours would have been 
saved. Sure I am, tliat one of diem would not, witli his 
later acquirements in science, have laid aside for a long 
time the creation of his own genius, as if in despair, tliat 
it could ever attain maturity. 

I allude to the card machine of Whittcmore, and tlie 
nail machine of Perkins. Of tlie former it would not 
become me to speak in terms of confident praise, from 
my own want of the proper knowledge of macliinery. 
But I must confess, that when I first saw it, it seemed to 
me to be almost an intelligent being, and to do every tiling 
but speak ; and whetlier considered with reference to tlie 
amplicity of its means, tlie accuracy and variety of its 
(^rations, or its almost universal capacity for common 
use, it deserves the highest commeadation. Other inven- 
.tions have since somewhat narrowed the sphere of its 
operations, and made its celebrity less felt. But I may 
quote the remark of one of our most ingenious counUy- 
men, who, to a question put to him, what, after two months' 
examination of the patent office at Washuigton, and liis 
own surveys elsewhere, appeared to liim die most inter- 
esting of American inventions, unhesitaUa^lY answered^ 
Whittewore's card machme. The lem^itV vi^?» \»a.^^>s^ 
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Perkins^ and perhaps no person, but himself, would have 
thought, that his own nail machine, which with its toggle- 
joint consumes bars of iron, and returns them in usSk, 
with the tranquil grandeur of a giant, qonsdous of superior 
power, might not have borne the most strenuous rivalry. 

And this leads me to remark, in the next place, as matter 
of pride, as well as of encouragement, that to m^lmics 

V themselves we are indebted for some of the most usefiil 
and profitable inventions of our age. I have alreadjr ad- 
verted to the perfection of the steam-engine by Watt. 
The cotton-machine of Arkwright constitutes an era in 
inventions, and has already thrown back upon Asia all her 
various fabrics, and compelled her to yield up to Euro- 
pean skill the cheapest labour of her cheapest populatioii. 
The inventions of Wedgewood have led to almost as 
striking a rivalry of the pottery and wares of the East. 
The cotton-gin, which has given to the cotton-growing 
States of the south their present great staple, is the pro- 
duction of the genius of Whitn ey. In the year 1794, the 
Carolinas and Georgia were scarcely known to our ablest 
diplomatists, as cultivators of the plant, so obscure and 
unimportant were its results. The invention of Whitney 
at once gave it the highest value; and laid the broad 
foundation of their present weakh and prosperity. At this 
very moment. New England annually consumes, in her 
manufactories, more than one fiith part of the eight hun- 
dred and fifty thousand bales of cotton, the annual ptodvce 
of their soil ! which but for him would have had no 
existence. What wonders were accomplished by the sclf- 

inught archhecty Brindley, himse\( a V\um\Aft rwSkrvm^N 
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and yet of such vast compass of thought, tliat to him 
rivers seemed of no use, but to feed navigable canals, and 
the ocean itself but a large reservoir for water-works. 
What effects is our own Perking, producing by one only 
of his numerous inventions, the art of softening steel, so 
- as to admit of engraving, and then hardening it again, so iis 
to retain the fine point and polish of copper-plate, without 
the constant wear of the latter, and its consequent ten- 
dency to depreciation ? He has enabled us, as it were, 
to stereotype, and multiply, to an almost incalculable ex- 
tent,- the most beautiful specimens of the art, and cheapen 
them, so to bring them within the reach of the most mod- 
erate fortimes. Many other illustrious instances of genius, 

- successfully applied to thi'miprovement of the arts, might 
be selected from the work-shops an^^cohimon trades of 
life. But in most o f_ these in st^n^^s ii^ll be found, that 
the discovery was_noL,lha-Jiieiu result of accident, but 
arose from the patient -stHdy-oPpriYiciples, or from hints 
S gathered from a scientific observation of nice and curious 
facts. And it may be added^. ^iat in all of these instances, 
in proporUon as the inventoi;2.ilcquired a knowledge of the 
principles of the arts, their genius assumed a wider play, 
and accomplished its designs with more familiar power 
and certainty. It is a subject of most profound interest, 
to observe to what grand results a common prmciple in 
mecham'cs, or an apparendy insulated fact, may conduct 
us, under the guidance of a man of genius. The rule, for 
instance, in geometry, that the circumferences of circles 
are in proportion to their diameters, lies ^\. xJftfe fevavA.- 

ation of most of the operations of practical rciedtvaxvvc,^^ «xjA 

3* 
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has led to Uie means of increasing mechanical power U 
an alniost incalcuJaUlo extent. The lever, tlie pulley, and 
the wheel, are but illustrations of it. So, loo, the habit of. 
nice observation of facts, (tlie almost constant attendant 
upon scientific acquirements) has led to surprising conjee^ 
tures, which have ended in tlie demonstration of equal^ 
surprising truths. I-iCt mo avail myself of one or tWQi 
illustmtioQs, wltich have been already noticed by otherSi 
as better to niy purpose, than any which my own lucmoi^ 
could furnisli. In the course of Sir Isaac Newton's experi-. 
meois to ascertain the laws of optics, he was led, from thci 
peculiar action of the diamond upon light, to express ai 
opinion that il was carbon, and capable of ignition, aru 
not belonging to the class of crystals. That conjecture 
has in our day been established, by chemical experiment^ 
to be a fact. He made llie discovery also of the com-j 
pound nature of light, and thai its wiiilc colour arises frotni 
a mixture of all the rarious colours. This has led to 
various ingenious improvenienis in the formation of th^^ 
lenses of telescopes, by which modem astronomy has berai 
able to display ihc heaveus in new beauty and order. 
When Franklin, by close observation, had established ib^ 
identity of lightning witli ilie electric spark, he was imme^ 
diaiely led to the practical application of his discovery, by, 
ascertainuig llie relative conducting power of various eubr^ 
stances, so as to guard our dwelUngs from its tremendoi 
agency. The galvanic battery, to which we are indebieil 
for so many discoveries in chemistry, owes its origin to a 
spparenHy trivial circumstance. The discoverer's attec 
Hp was drawn to an investigation oS 'ftvi cvsa^e ot ^b^ 
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twitching of a dead frog's leg ; aud by patient and labo- 
rious experiments, he was at length conducted to the dis- 
covery of animal electricity. 

The polarization of light, as it is called, that is, die fact 
that rays of light have different sides, which have differ- 
ent properties of reflecuon, is a discovery in optics of 
very recent date, which, it is said, " is so fertile in the 
views it lays open of the constitution of natural bodies, 
and the minuter mechanism of the universe, as to place it 
in the very first rank of physical and mathematical 
science." It was discovered by the French philosopher, 
Halus, as late as in 1810, by various minute and delicate 
experiments, and has already led to very extraordinary 
results. 

Indeed, such is the quickening power of science, that it 
is scarcely possible, that its simplest germ should be 
planted in the human mind, witliout expanding into a 
healthy growth. It generates, as it moves on, new- 
thoughts, and new inquiries, and is forever gathering 
widiout exhausUon, and widiout satiety. The curiosity, 
which is once awakened by it, never sleeps ; the genius, 
which is once kindled at its altar, burns on widi an inex- 
tinguishable flame. 

It has been remarked, that such was the progress of 
astronomical science, and die number of minds engaged in 
it towards the close of the seventeendi century, that if Sir 
Isaac Newton had never lived, liis splendid and mvaluable 
discoveries must have been in the possession of the suc- 
ceeding age. The approaches had been so we^x, ^^ 
tbey almost touched the very verge ot lihe ^^^^^ N«\s^Osi 
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hirgenius explored, and demonstrated with such matchless 
ahjtity. If this were true in respect to that branch of 
^'^hysical science, it is far more strikingly- true in respect to 
mechanics. The struggle here 'in respect to priority of 
inventions, is often so very close, that a single day some- 
times decides the controversy. 

It is from considerations of this nature ; — ^that, what has 
been, must continue to be ; that art is never perfect, and I 
nature is inexhaustible ; that science, while it is the master 
of art, is itself ultimately dependent upon it; that the 
intellectual power grows up in all stations, and in all soils ; 

that, all other circumstances equal, he, who knows and 
i . - — _.. .} ^ 

^practices, mus t foreve r ^ take the leaToT him, who merely 
knows, and has jaone-uf Jlhe skill to apply power, or the 
practical sagacityjtQ^fiEercQine^difficulties ; that he, whose 
interest is indissolubly connected with his science, and 
who feels at every turn the animating impulse of reward, 
as well as tlie pleasure of speculation, and the desire of 
fame, has more enduring and instant motives for exertion, 
than he who merely indulges his leisure, or his curiosity ; 
— it is, I say, from these considerations, that I deduce the 
conclusion, that when the artisan and the mechanic shall 
have become instructed in science, the inveptions of this 
class will be more numerous, more useful, more profitable, 
and more ingenious, than those of any other class, anci 
even perhaps of all other classes of society. 

What an animating prospect does this afford ! What 
noble ends to poor, neglected, suffering genius! What 
constant comfort to cheer the hard hours of labour, and 

the heavier hoixrs of despondency \ 'N'Lwc^\&^"& ol %w<(i<^<q^ 
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fe is in reality dependent upon accident, or what is 
3d luck, than is commonly supposed. Far more 
ends upon the objects, which a man proposes to 
self; what attainments he aspires to; what is the 
le, which bounds his vision and his thoughts; what he 
oses, not to be educated for, but to educate himsdf I 
; whether he looks to the end and aim of the whole 
life, or only to the present day or hour ; whether he 
jns to the voic& of indolence or vulgar pleasure, or to 
stirring voice in his own soul, urging his ambition on 
he highest objects. If his views are low and grovel- 
; if the work-shop, in its cold routine of duties, bounds 
[lis wishes, and his hopes, his destiny is already fixed ; 
the history of his wiiole life may be read, though the 
jh of youth still lingers in his cheeks. It is not a tale 
•ely twice told ; it has been told for millions. If, on • 
other hand, he aspires to be a man, in dignity, inde- 
dence, spirit, and character, and to give his talents 
r full scope and vigour ; if, to a steady devotion to the 
3tice of his ait, he adds a scientific study of its pro- 
ses and principles, his success is as sure, as any thing 
this side of the grave can be. He may even go 
her, and dream of fame ; and if he possess the saga- 
pf genius, may build a solid immortality upon the 
ndation of his own inventions. 

Vnd why should it not be so? Why should not our 
ith, engaged in the mechanic arts, under the auspices 
institutions like' this, reach such a noble e\e\^>a.ow c!l 
pose? America has hitherto given Yvet tvift. ^to^oW^ss^ 
enlus to the cultivation of tl^e arts. S\ve \i"a^^ ^^^'^ 
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been behind the most intelligent portions of the world in 
her contributions of useful mventions for the commoa 
good. There are some circumstances in the situation 
and character of her population, which afford a wider 
range for talent and mquiry, than in any other countiy. 
The very equality of condition ; the natural structure of 
society ; the total demolition of. all barriers -against the 
advancement of talent from one department of life to 
another; the non-existence of the almost infinite subdi^ 
visions of labour, by which, though more perfection in the 
result is sometimes obtained, the process has an almost 
uniform tendency to reduce human beings to mere 
machines ; the mildness of the government ; the general 
facility of subsistence ; the absence of all laws regulating 
trades, and obstructing local competition ; these, and many 
other causes, and especially our free schools, and our 
cheap means of education, offer to ingenuous youth the 
^ most inviting prospects to expand and cultivate their intel^j 
lectual powers. Under such circumstances, is it too 

i/Anuch to prophecy, that hereafter America may take the 
I lead in mechanical improvements, and give another bri^ 
example to the world, by the demonstration of the tnith»| 
that free governments are as welliidapted to perfect 
arts of life, and foster inventive genius, as they are 
promote the happiness and independence of mankind. 
There are no real obstacles in the way, which may 
be overcome by ordinary diligence and perseverance, 
few hours, saved every week from those devoted to k 
pleasure^ or listless indoVeivce, would enable ei 
artisan, to master, in a compaiaUv^X^ ^ot\.^\wfc, "^ 
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menlary principles of the arts. He would have the con- 
stant benefit-of refreshing his recollection by the practical 
application of them, and receive the demonstration, at the 
same time that he was taught the truth. He would find, 
that the acquisitions of every day added a new facDity for 
future improvement ; and that his own mind, quickened 
and fertilized by various stores of thought, would soon turn 
that into the truest, source of enjoyment, which at first was 
the minister of toil and anxiety. Consider for a moment 
what must be the immediate effects of the general adop- 
tion of a system of mutual instruction. How powerfully 
would it work by way of encouragement to laudable ambi- 
tion. How irresistibly to an mcrease of skill, and sagacity 
in the most common employments of life. Ask yourselves 
<. what would be the result of one hundred thousand minds 
engaged at the same moment in the study of mechanical 
science, and urged on by die daily motives of interest, to 
acquire new skill, or invent new improvements. It seems 
to me utterly beyond the reach of human imagination to 
embody tiie results, to which such a constant discipline of 
the intellect, strengthened by the daily experience of the 
work-shop, would conduct us. The slightest spark of 
inteUigence, (if I may borrow a figure from the arts) 
would be blown into a steady flame, and the raw material 
of genius be kindled by a spontaneous combustion into 
the most intense light. 

Gentlemen, I will detain you no longer. The remarks, 
which I have addressed to you, have been uuavovdafckV^ ^^ ^ 
loose and desultory nature. They have \>eexv ^^o^^ ^sy 
^eiber, not in the abundance of my \e\suIe,^i^\\. ^'l ^ 
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labours ; in the midst of private cares, and many pressing 
public duties. Such as they are, I trust tliey may receive 
your indulgence, if not for their intrinsic value, at least as 
my small tribute to the merit of this Institution. If I had 
possessed more leisure, I should have preferred to have 
given you, as a more suitable topic for an introductory 
discourse, some account of the rise and progress of the 
more important arts and inventions in modern times. A 
close sui-vey of the difficulties overcome, and the triumphs 
achieved by mechanical genius, would, after all, constitute 
the most valuable commentary upon tlie powers of the 
human mind, and the most encouraging lesson in the study 
of science. 

I conclude with the reflection naturally arising from the 
subject, that as the true end of philosophy is to render us 
wiser and happier, so its tendency is to warm our' hearts, . 
and elevate our affections, and make us in the highest 
sense religious beings. When we contemplate the phys- 
ical creation, and observe, from the minutest atom up to 
the highest intelligence, continual displays of infinite wis- 

idom, power, and goodness ; when we trace out by the 
light of science the laws, which govern the material world, 
and observe the order and harmony, and wonderful adap- 
,; tadon of all, from those, which form the sparkling diamond 
in the mine, or prepare the vollied lightning, or generate 
the terrific earthquake, or direct the motions of the ocean, 
up to those, which hold the planets in their spheres ; when 
we turn our thoughts within us, and endeavour to learn 
what we ourselves are; and consider the nature and 
capacities of our minds, and fee\ liive ^mmt^ ^ "e.^ \\ ^«ft^ 
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stii within us ; when we look abroad at the curious dis- 
plays of human invention in the^ arts and arrangements 
of life ; and see how man has acquired dominion over the 
earth and the sea, and the air and the water ; how is it 
possible, I say, when we contemplate such things, not to 
look up with awe, and admiration, and gratitude, to the 
First Great Cause of all these blessings. How is it pos- 
sible not to feel, that we are an emanation of that eternal 
Spirit, which formed and fashioned us, and breathed into 
us a rational soul. How is it possible not to read for our- 
selves a higher destiny, where our powers shall be per- 
mitted to expand in endless progression, and continually 
witness new wonders of the divine perfection. Surely, in 
the contemplation of such things, we may well exclaim, 

" Great and marvellous are thy works. Lord God Al- 
mighty ; in wisdom thou hast made them all." 



V 

MR. WEBSTER'S 

INTRODUCTORY LECTURE, 

BEFORE THE 

JVIECHANICS' INSTITUTION. 



I appear before you, gentlemen, for the perfcHinance of 
a duty, which is, in so great a degree, foreign to m; 
habitual studies and pursuits, that it may be presuniptuoiE 
in me to hope for a creditable execution of the task. Bm 
I have not allowed considerations of this kind to wei^ 
against a strong and ardent desire to signify ray approbt' 
tion of the objects, and my conviction of the utility, d 
this institution ; and to manifest my prompt attention U 
whatever others may suppose to be in my power, to pro 
mote its respectability, and to further its designs. 

The Constitution of the Association declares its precise 
object to be, " Mutual Instruction in the Sciences, as con- 
nected with the Mechanic Arts." 

The distinct purpose is to connect science, more and 
more, with art ; to teach the established, and invent new, 
modes of combining skill with strength; to bring the 
power of the human understanding in aid of the physical 
powers of the human frame ; to facilitate the cooperation 
of the mind with the hand ; to ^u^ent convenience, 
fighten labour^ and mitigate \o\\, by ^tocciU^Kixv^ ^Qofc ^ 
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miniaaof mind, farther and farther, over tlie elements of 
nature, and by making those elements, themselves, submit 
to human rule, follow human bidding, and work together 
for human happiness. 

The visible and tangible creation, into which we arc in- 
troduced at our birth, is not, in all its parts, fixed and sta- 
tbnaiy. Motion, or change of place, regular or occa- 
sknal, belongs to all or most of tlie tilings, which arc 
around us. Animal life every where moves ; die earth 
itself has its motion, and its complexities of motion ; the 
ocean heaves and subsides ; rivers run lingering or rush- 
ing, to the sea ; aiid the air which wc breatlie moves and 
icts with mighty power. Motion, tlius pertaining to tlic 
{diysical objects which surround us, is the cxhaustless 
fixmtain, whence philosophy draws the means, by which, 
m various degrees, and endless forms, natural agencies 
sod the tendencies of inert matter, are brought to the 
succour and assistance of human streugth. It is the 
object of mechanical contrivance to modify motion, to 
produce it in new forms, to direct it to new purposes, 
to multiply its uses, — by means of it to do better, that 
which human strengtli could do without its aid, — and to 
perform that, also, wliich such strengtli, unassisted by 
srt, could not perform. 

I Motbn itself is but the result of force ; or, in other 
words, force is defined to be whatever tends to produce 
motion. The operation of forces, therefore, on bodies, is 
the broad field which is open for that philosopliical exam- 
ination, the results of which it is the busmess ol TBfeOwKar 
itsri contrivance to apply. The leading foxees at ^«cvac,%.'3» 



of moUijii arc, as is well known, Uie power of animaU, 
gravity, lieal, tlie winds, and water. Tliere are varioui 
others of less power, or of more (JifKcull application. 
Mechanical philosophy, tlierefore, may be said to be, that 
science which instructs us in the knowledge of natural' 
moving powers, animate or inanimate j in tlie manner of 
modifying those powers, and of increaang die mtensiiy of, 
some of diem by artificial means, such as heat and electri- 
city ; and in applying die varieties of force and motion, diu» 
derived from natural agencies, to the arts of life. Ttus is 
die object of mechanical philosophy. None can doubt, 
certainly, die higli importance of this sort of knowledge, 
or fail to see how suitable it is to the elevated rank and the 
dignity of reasoning beings. Man's grand distinctioo i«/ 
his intellect, his mental capacity. It is tliis, which renders 
him higlily and peculiarly responsible to his Creator. It is 
this, on account of which the rule over other animala is 
estabhslied In bia hands; and it is diis, mainly, which 
enables bim to exercise dominion over the powers a( 
nniure, and to subdue diem to himself. 

But it is true, also, diat his own animal organization 
gives liim superiori^, and is among die most wonderful of 
die works of God on eardi. it conlribiiles to cause, as 
well as prove, his elevated rank in creation. His port is 
erect, bis face towards heaven, and be is furnished widi 
limbs whicli are not absolutely necessary to his support 
locomotion, and which are at once powerful, flexible, 
capable of innumerable modes and varieties of action, and 
lerminaied by an instrument of wonderful, lieavenly work' 
''hip, — lie human ha.iiA. T\v»s voari^iova ^xysi 
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conformation, ^ives man the power of acting, with great 
effect, upon external objects, in pursuance of the sugges- 
tions of his understanding, and of applying the results of 
his reasoning power to liis own purposes. Witliout this 
particular formation he would not be man, with whatever 
sagacitjT he had been endowed. No bounteous grant of 
mtellect, were it the pleasure of heaven to make such 
grant, could raise any of the brute creation to an equality 
with the human race. Were it bestowed on the Levia- 
than, he must remain, nevertheless, in tlie element where 
akme he could maintain his physical existence. He would 
still be but the inelegant, misshapen mhabitant of the 
ocean, "wallowing unwieldy, enormous in his gait." 
Were the Elephant made to possess it, it would "but teach 
him the deformity of his own stnicture, the unloveliness 
of his frame, though " the hugest of tilings," his disability 
to act on external matter, and the degrading nature of his 
own physical Wants, which lead him to the deserts, and 
give him for his favourite home the torrid plains of tlic 
tropics. It was placing the King of Babylon sufficiently 
out of the rank of human beings, though he carried aU his 
reasoning faculties witli him, when he was sent away, to 
eat grass like an ox. And this may properly suggest to 
our consideration, what is undeniably true, tliat there is 
hardly a greater blessing conferred on man than his 
natural wants. • If he had wanted no more than the 
beasts, who can say how much more than they, he would 
have attained ? Does he associate, does he cultivate, does 
he build, does he navigate ? The OTi^vtvol vKv^>Asa \a "^ 
these, lies in his wants. It proceeds ttonv ^^ w^e^^^'SJS&vR 
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of his condition, and from the efforts cff unsatisfied desire. 
Every want not of a low kind, physical as well as moral, 
which the human breast feels, and which brutes do not 
feel and cannot feel, raises man, by so much, in the scale 
of existence, and is a clear proof, and a direct instance, 
of the favour of God towards his so much favoured human 
offspring. If man had been so made as to have desired 
nothing, he would have wanted almost every thing worth 
possessmg. 

But doubtiess the reasoning faculty,' the mind, is the.. ■ 
leading characteristic attribute of the human race. Byl 
the exercise of this, he arrives at the ktjZud^dge of the'i 
properties of natural bodies. This isNscience, properly 
and emphatically so called. It is the science of pure 
madiematics; and in the high branches of this science 
lies the true sublime of human acquisition. If any attain- 
ment deserve that epithet, it is the knowledge, which, 
from the mensuration of the minutest dust of the balance, 
proceeds on the rising scale of material bodiesj every 
where weighing, every where measuring, every where 
detecting and explaining tlie laws of force and motion, 
penetrating into the secret principles which hold the 
universe of God together, and balancing world against 
world, and system against system. When we seek to 
accompany those, who pursue their studies at once so 
high, so vast and so exact ; when we arrive at the disco- 
veries of Newton, which pour in day on the works of 
God, as if a second Jiat for light had gone forth from his 
own mouth ; — ^wlien, further, we attempt to follow those, 
9vIio set out where Newton paused, TO»!^xv^\fts ^^\\^(c«si 
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starting place, and proceeding witli demonstration upon 
demonstration, and . discovery upon di^overy, bring new 
worlds, and new systems of worlds witliin tlie limits of 
the known universe, failing to learn all only because all 
is infinite; however we say of man, in admiration of 
his physical structure, that 'Mn form and moving he is 
express and admirable," it is here, and here without 
irreverence, we may exclaim, " in apprehension how like 
a God ! " The study of the pure matliematics will of 
course not be extensively pursued in an institution, which, 
like this, has a direct practical tendency and aim. But it 

\ is still to be remembered, tliat pure mathematics lie at the 
foundation of mechanical philosophy, and that it is igno- 
rance only, wliich can speak or think of tliat sublime 
science as useless research or barren speculation. 

It has already been said that the general and well 
known agents, usually regarded as the principal sources 
of mechanical powers, are, gravity, acting on solid bodies, 
the fall of water, which is but gravity acting on fluids, air, 
heat, and animal strength. For the useful direction and 
application of the four first of these, tliat is, of all of them 
which belong to inanimate nature, some intermediate 
apparatus, or contrivance, becomes necessary ; and tliis 
apparatus, whatever its form, is a machine. A machine 
is an invention for tlie application of motion, Midler 

' by changing the direction of tlie moving power, or by 
rendering a body in modon capable of communicating a 
mottoa greater or less than its own to otlier bodies, or by 
enabling it to overcome a power of greater intensity ot 
i&rt?e than its own. And it 13 usa«iS\Y «»A ^^ ^n^^ 
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machine, however apparently complex, is capable of being 
resolved into some one or more of tliose single machines, 
of which, according to one mode of description, there are 
six, and according to anotlier, tliree, called the mechanical 
powers. But because maclmi cry, o r all mechani cal con-V/ 
trivance, is thus r^j\f^ ^f |'f;>snliitinr> intn a fftw elemen^Jji 
taiy forms, it isjaQt4Q4)e- infoFPe d tha t soi e noe^ or art, as ^ 
both together, though pressed^ wiUi^the utmost force of 
human genius, and cultivated by. the last.ilegree of human 
assiduity, will ever exhaust the isombinatiops into which 
these elementary forms may be tlirown. An indefinite, 
though not an infinite reach of invention may be expected; 
but indefinite, also, if not infinite, are tlie possible combi- 
nations of elementary principles. The field, then, is vast 
and unbounded. We know not, to what yet unthought of 
heights tlie power of man ovpr thq agencies of nature may 
be carried. We only know, that the last half century 
has witnessed an amazingly accelerated progress in useful 
discoveries, and that at the present moment, science and 
art are acting togetlier, with a new companionship, and 
with the most happy and striking results. The history of 
mechanical philosophy, is, of itself, a very interesting 
subject, and will doubtless be treated in tliis place fully, 
and metliodically, by stated lecturers. 

It is a part of tlie liistory of man, wliich, like that of 

his domestic habits and daily occupations, has been too 

unfrequently the subject of research ; having been thrust 

aside by the more dazzling topics of war and political 

revolutions. We are not often conducted by historians. 

xvjtlun the bouses or huts of out «xices\oi^, ^ ^^^ ^^sa 
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enturies ago, and made acquainted with their domestic 
itensils and domestic arrangements. We see too little, 
)oth of the conveniences and inconveniences of their daily 
md ordinary life. There are, indeed, rich materials for 
uteresting details on these particulars, to be collected 
from the labours of Goguet and Beckmann, Henry and 
Turner ; but, still, a thorough and well written history of 
those inventions in the mechanic arts, which are now com- 
monly known, is a desideratum in literature. 

Human sagacity, stimulated by human wants, seizes 
Ourst on the nearest natural assistant. The power of his 
3wn arm, is an early lesson among the studies of primitive 
man. This is animal strength ; and from this he rises to 
the conception of employing, for his own use, the strength 
3f other animals. A stone, impelled by the power of his 
arm, he finds will produce a greater effect than the arm 
itself; this is a species of mechanical power. The effect 
results from a combination of the moving force with the 
gravity of a heavy body. The limb of a tree is a rude, 
but powerful instrument ; it is a lever. And the mechan- 
leal powers being all discovered, like other natural quali- 
ties, by inductio n, (I use tlie word as BagQp used it,) or 
experience, and not by any iieasomng a priori^ their 
progfe55~kas kept pace with tlie general civilization and 
education of nations. The history of mechanical philo- 
sophy, while it strongly illustrates, in its general results, 
the force of the human mind, exhibits, in its details, most 
interesting pictures of ingenuity struggling with the con- 
ception of new combinations, and oi da^i^^ Yc^^ewsfe^ ^ks^^ 
fowerfuJ thought, stretched to ita u\mo^\. Xio ^^ ^^^^ ^ 



paeducB, llie general principle from tlie inclinations of ' 

ticular facts. We are now so far advanced beyond 

age when the principal, leading, important madienialical 

^—discoveries were made, aiid ihey have become so mildl 

neuter of common knowledge, tliat it is not easy to ttm 

^fbsir importance, or be justly sensible what an epoch ii 

^^fco hislory of scieuce each conslitiited. The half franM 

exultation of Archimedes, when be liad solved the prawl 

lem respecting the crown of Hiero, was on an occ&sidrf| 

^Pftod for a cause certainly well allowing very high joj^ 

^Hnd so also was llie duplication of the cube. 4 

Ur" Tiie altar of Apollo at Athens, was a square block {m 

cube, and to double it required die duplication of tM 

cube. This was a process involviog an miascertaine4 

mathematical principle. It was qitite natural, therefort 

that it should be a iraditionaj story, diat by way of atoniq 

for some affront to tliat god, liie oracle commanded ttl 

Athenians to double hh altar; an injunction, we kntfd 

which occupied the keen sagacity of Uie Greek geomeOl 

cians for more than half a centiny, before Uiey were ahl 

to obey it. It is to the great honor, however, of this H 

imiiable people, the Greeks, a people whose genius socd 

to have been equally fitted for the investigations of scienl 

and tlie works of imagination, that die immortal EucSl 

centuries before our era, composed his Elements of 

ometry ; a work which, for two iliousnnd years, has 

and stOI continues to be, a text'book for instruction In 

A history of mechanical philosophy, however, would 
ha^ln witli Greece. Tlierc is a vjoiiAct \«rjOtti Cnt 
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Higher up in the annals of mankind, nearer, far nearer, to 
the origin of our race, out of all reach of letters, beyond 
the sources of tradition, beyond all history, except what 
remains in the monuments of her own art, stands Egypt, 
the mother of nations ! Egypt ! Thebes ! the Labyrintii ! 
the Pyramids! Who shall explain the mysteries, which 
diese names suggest ? The Pyramids ! Who can inform 
us, whether it was by mere numbers, and patience, and 
labor, aided perhaps by die simple lever; or if not, by 
what forgotten combination of power, by what now un- 
known machines, mass was thus aggregated to mass, and 
quarry piled on quarry, till solid granite seemed to cover 
Ae earth and reach the skies ? 

I The ancients discovered many things, but they left 
many things also to be discovered ; and diis, as a general 
tnith, is what our posterity^ a tliousand years hence, will 
be able to say, doubdess, when we and our generation 
Aail be recorded also among the ancients. For, indeed, 
God seems to have proposed liis materiied universe, as a 
standing, perpetual study to his intelligent creatures; 
viliere, ever learning, they can yet never learn all ; and if 
that material universe shall last till man shall have discov- 
ered all that is unknown, but which, by tlic progressive im- 
provement of his faculties he is capable of knowing, it will 
remain through a duration beyond human measurement, 
and beyond human comprehension. 

The ancients knew nothing of our present system of 
arithmetical notation ; nothing of algebra, and of course 
nothing of the important application of ?lgetoit%. \o ^cjcsa- 
trjr- They had not learned the \isc o? \o^1^^c5MKi^^ ^«^^ 
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were ignorant of fluxions. They had not attained to an^ 
just mode for tlie mensuration of tlie earth ; a matter of 
great moment to astronomy, navigationy and other branches 
of useful knowledge. It is scarcely necessary to add, 
that they were ignorant of the great results which have 
followed the developement of the principle of gravhatioD. 
In the useful and practical arts, many inventions and 
contrivances, to the production of which the d^ree of 
ancient knowledge would appear to us to have been ade- 
quate, and which seem quite obvious, are yet of late 
origin. The application of water, for example, to turn a 
mill, is a thing not known to have been accomplished at 
all in Greece, and is not supposed to liave been attempted 
at Rome, till in or near the age of Augustus. The {ffo- 
duction of the same effect by wind, is a still later invention. 
It dates only in the sevendi century of our enu The 
propulsion of the saw, by any other power than that of 
die arm, is treated as a novelty in England, so late as in 
tlic middle of tlie sixteenth centur}-. The Bishop of Ely, 
Ambassador from the Queen of England to the Pope, 
says, ^* he saw, at Lyons, a saw-mill driven with an upright 
wheel, and the water that makes it go, is gathered into a 
narrow trougli, which deliveredi tlie same water to the 
wheels. This wheel hath a piece of timber put to the 
axletree end, like the handle of a brock^ (a hand organ,) 
and fastened to tlic end of the saw, which being turned 
with tlie force of water, hoisteUi up and down the saw, 
that it continually eatedi in, and the handle of the same is 
kept in a rigall of wood, from severing. Also the timber 
/f'ech, 05 it were upon a ladder, w\uc\\ \a \>ioix^\. Vj ^>Afc 
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and little to the saw by anotlicr vice." From tliis de- 
scription of the primitive |>ower-saw, it would seem tliat 
it was probably fast only at one end, and tliat the brock 
and rigall performed the part of the arm, in the common 
use of the handsaw. 

It must always have been a very considerable object for 
men fo possess, or obtain, tlie power of raising water, 
otherwise than by mere manual labor. Yet nothing like 
the conamon suction pump has been found among rude 
nations. It has arrived at its present state only by slow 
and doubtful steps of improvement ; and, indeed, in that 
present state, however obvious and unattractive, it is some- 
thing of an abstruse and refined invenUon. It was un- 
known in China, until Europeans visited tlie ^'Celestial 
Empire;" and is still unknown in otlier 2)arts of Asia, 
beyond the pale of European settlements, or the reach of 
European communication. The Greeks and Romans are 
supposed to have been ignorant of it, in the early times of 
their history ; and it is usually said to have come from 
Alexandria, where physical science was much cultivated 
by the Greek school, imder the patronage of tlie 
Ptolemies. 

These few and scattered historical notices, gentlemen, 
of important inventions, have been introduced only for the 
purpose of suggesting that tliere is much which is both 
curious and instructive in the history of mechanics ; and 
that many things which to us, in our state of knowledge, 
seem so obvious as that we should think they would at 
CHice force themselves on men's adopUoa, VflN^^ xi^N^t^^ 
Jess, been accomplished slowly and by ip««Av\ ^SotVa. 
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But if tlie history of tlie progress of the mechanical arts 
be interesting, still more so, doubtless, would be the ex- 
hibition of their present state, and a full display of the ex- 
tent to wliich they are now carried. This field is much 
too wide even to be entered, on this occasion. The brief- 
est outline even, would exceed its limits ; and the whole 
subject will regularly fall to hands much more able to sus- 
tain it. The slightest glance, however, must convince us 
that mechanical power and mechanical skill, as they are 
now exhibited in Europe and America, mark an epoch in 
human history, wortliy of all admiration. Machinery is 
made to perform what has formerly been the toil of human 
hands, to an extent that astonishes the most sanguine, with 
a degree of power to which no number of human arms is 
equal, and with such precision and exactness as almost to 
suggest tlie notion of reason and intelligence in the ma- 
chines themselves. Every natural agent is put unrelent- 
ingly to the task. The winds work, the waters work, the 
elasticity of metals work ; gravity is solicited into a thou- 
sand new forms of action ; levers are multiplied upon 
levers ; wheels revolve on the peripheries of other wheels; 
tlic saw and tlie plane are tortured into an accommodation 
to new uses, and, last of all, with inimitable power, and 
" with whirlwind sound," comes the potent agency of steam. 
In comparison witli the past, what centuries of improve- 
ment has tliis single agent comprised, in the short compass 
of fifty years ! Every where practicable, every where 
efficient, it has an ann a thousand times stronger than 
that of Hercules, and to which human ingenuity is capable 
offJtting a thousand times as lutmy Yv^ax^-a ^& X^^ciM^^Mk 
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Kiiareus. Steam is found, in triumphant ojHsration, on 
le seas ; and under the influence of its strong propukion, 
le gallant ship, 

" Against the wind, against the tide, , - ' 

Still steadies, with an upright keel." 

t is OQ the rivers, and the boatman may repose on his 
Nurs; his in highways, and begins to exert itself along 
he courses of land conveyance ; it is at the bottom of 
nines, a thousand feet below the earth's surface ; it is in 
the mill) and in the workshops of the trades. It rows, it 
panels, it excavates, it carries, it draws, it lifts, it hammers, 
it spins, it weaves, it prints. It seems to say to men, at 
least to the class of artizans, '' Leave off your manual la- 
bor, give over your bodily toil ; bestow but your skill and 
reason to the directing of my power, and I will bear the 
fioil^ — with no muscle to grow weary, no nerve to relax, 
no breast to feel faintness." What further improvements 
may still be made in the use of this astonishing power, it 
is impossible to know, and it were vain to conjecture. 
What we do know, is, that it has most essentially altered 
Ae &ee of afiairs, and that no visible limit yet appears be- 
yond which its progress is seen to be impossible. If its 
pow^ were now to be anniliilated, if we were to miss it 
<tt the water and in tlie mills, it would seem as if wc 
were going back to rude ages. 

This society, then, gentlemen, is instituted for the pui*- 
pose of further and further applying science to the arts, at 
a lime when there is much of science to be applied. Phi- 
losophy and the Mathematics have aU^ixved \n \vl^ 
i^giws, and still stretch their wings, ^V.e ti\ei ^-a.^^* 
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(Chymistry, at the same time, acting in anothei 
\ has made equally important discoveries, capab! 
^^rect application to the purposes of life. H( 



\ 



within so short a period as the lives of some of 



■K I all that is known has been learned. And wl 

. this aggregate of science, already vast, but still 

\ crea^g, offering itself to the ingenuity of mech 

^ trivance, there is a corresponding demand for i 

'^ and invention of art, — produced by the wants ol 

' enterprising and an elegant age. Associations 

"^ th^efore, have materials to work upon, ends u 

} and encouragement to work. 

'^ It may not be unproper to suggest, diat not o 

^ general circumstances of the age favorable to 9 

tions as this, but that there seems a high degr 

priety that one or more should be established 1 

:.metrc^lis of New England. In no other p 

v^V, country, is there so great a concentration of i 

'^operations. Events have given to New Englan 

fi'in the great business of domestic manufactuj 

thickened population, her energetic free labor, he 

■ faUs of water, and various other causes, have le 

^ zens to embark, with great boldness, mto exten 

'factures. The success of their establishment 

'of course, in no small degree, upon the perfectio 

Imachinery may be carried. Improvement in 

]kre, instead of being left to chance or accider 

regarded as a fit subject of assiduous study. 

don of OUT community is, alao^ at \he ^le^i^ 

tfirongly attracted towards the condCcucUQci ol 
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lays, dry docks, and other important public works. Civil 
ai^eering is b ecoming a pj f ofcjjiuu, offering honornbJe 
upport and creditable distinction to such as may qualify 
hemselves to discharge its duties. Another interesting 
iict is before us. New taste and a new excitement are 
evidently springing up in our vicinity, in regard to an art, 
iviiich as it unites in a singular degree, utility and beauty, 
iflbrds inviting encouragements to genius and skill. I 
mean Arc hitoctu re. Architecture is military, naval, sa- 
cred, civil, or domestic. Naval architecture, certainly, is 
of the highest importance to a commercial and navigating 
people, to say nothing of its intimate and essential connex- 
ion, with the means of national defence. This science 
should not be regarded as having already reached its ut- 
most perfection. It seems to have been some time in a 
course of rapid advancement. The building, the rigging, 
4e navigating of ships, have, to every one's conviction, 
been subjects of great improvement within the last fifteen 
years. And where, rather than in New England, may still 
further improvements be looked for ? Where is ship build- 
ing either a greater business, or pursued with more skill 
and eagerness ? ' 

In civil, sacred, and domestic architecture, present ap- 
pearances audioris© the strongest hopes of improvement. 
These hopes rest, among other things, on unambiguous in- 
dications of die growing preyalence of a just taste. The 
principles of architecture are founded in nature, or good 
sense, as much as the principles of epic poetry. The art 
constitutes a beautiful medium, betweetv vjbaX. \ife\ssci^ x» 
m&re fancy, aad what belongs entireAy \o ^^ ^"^asX 
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sciences. In its forms and mod ideations, it admits 
finite variation^ giving broad room fof invention and g 
while, in its general principles, it is founded on that 
long experience and the concurrent judgment of ages 
ascertained to be generally pleasing. Certain relaiiol 
parts to parts, have been satisfactory to all the cidti 
generations of men. These relations constitute wi 
called proporti<m, and this is llie great basis of ard 
tural art. This established proportion is not to be ^ 
erf merely because it is ancient, but because its us 
the pleasure which it has been found capable of gii 
the mind, through the eye, in ancient times, and a 
times, and all civilized times, prove that its principle! 
tfell founded, and just ; in tlie same manner that thtf 
is proved, by the consent of aU ages, to be a good p 
Architecture, I have said, is an art that unites,' 
singular manner, the useful and the benudful. It is i 
be inferred from tliis, tliat eveiy thing in architecH 
beautiful, or is to be so esteemed, in exact proporA 
its apparent utility. No more is meant, than that IKH 
I which evidentiy tliwarts utility, can or ought to be aco 
ed beautiful ; because, in every work of art, the deaf 
to be regarded, und what defeats that design, candl 
considered as well done. The French rhetoric ioml 
a maxim, that in literary composition, " nothing is bl 
ful which is not true." They do not intend to saj^ 
^L strict and literal truth is alone beautiful In poetl 
^^ oratory ; but they mean dial, that which grossly cA 
^P against probability, is not in ;^d taste, in either. 
^■Rme relation subsists between beauvy aivi usSiWj 'wi 
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bc stu re, as between truth and imagination in poetry. Util- 
^ is not to be obviously sacrificed to beauty, in the one 
K^se ; truth and probability are not to be outraged for the 
tcuise of fiction and fancy, in the other. In the severer 
i^yles of architecture, beauty and utility approach, so as 
O be almost identical. Where utility is more strongly 
ft&an ordinary the main design, the proportions which pro- 
duce it, raise the sense or feeling of beauty, by a sort of 
K^flecticm or deduction of the mind. It is said that an- 
ient Rome had, perhaps, no finer specimens of the classic 
lX>ric, than were in the sewers which ran under her 
^tieets, and which were of course always to be covered 
from human observation ; so true is it, that cultivated taste 
*a always pleased with justness of proportion ; and that de- 
sign, seen to be accomplished, gives pleasure. The dis- 
<^very and fast increasing use of a noble material, found in 
Vast abundance, nearer to our cities than the Pentelican 
quarries to Athens, may well awaken, as tliey dp, new at- 
tention to architectural improvement. If this material be 
not entirely well suited to the elegant Ionic, or the rich 
Corinthian, it is yet fitted, beyond marble, beyond perhaps 
almost any other material, for the Doric, of which the 
ippn^riate character is strength, and for the Gothic, of 
which the appropriate character is grandeur. 

It is not more than justice, perhaps, to our ancestors, to 
call the Grothic the English, classic architecture; for in 
England, probably, are its most distinguished specimens. 
As its leading characteristic is grandeur, its main use would 
seem to be sacred. It had its origjin, mdeedL, vsv ^e.0^^ 
rascal architecture. Its evident de^ga yi«^ to ^ox^'^fii; 



aiicLenl orders, by the size of ihe stniPlure and its 
greater heights ; to excite perceptions of beauty, by 
branching traceries and tlie gorgeous tabernacles will 
and to inspire reJigioiis awe and reverence by the 1 
pointed ai'ches; — the flying buttresses, tlie spires, 
the pinnacles, springing from beneath, stretching 
wards towards the heavens with the prayers of the i 
shippers. Architectural beauty having always a di 
reference to utility, edifices, whether civil or sacred, i 
of course undergo different changes, iu different pla 
on account of climate, and in different ages, on aco 
of die diflerent states of oiiier arts, or different notion* 

k convenience. Tlie hypethral temple, for examfde; 
temple witliout a roof, is not to be thought of in our 1 
tudes ; and the use of glass, a thing not now to be A'ispt 
ed with, is also to be accommodated, as well as it may. 
to the architectural structure. These necessary variau 
and many more admisable ones, give room for impra 

tmenls to an indefinite extent, without departing from ■ 
principles of true taste. May we not hope, then, to 
pur own city celebrated as tlie city of arcliitectural 
fiellence? May we not hope, to see our native gra 
Imposing in tlie ever during strength of the Doii<v 
springing up in tlie grand and lofty Goiltic, in forms v 
beauty and utility, llie eye and tlie jndgmeui, taste 
devotion, shall unite to approve and to admire ? 
H^ whUe we regard sacred and civil architecture as hi 
^H important, let us not forget that oilier branch, so 
^V lo persona] comfort and happiness, — domestic arc-hiteci| 
^br coiumoa bouse buildinsr. \n anc\oa\. Um» 
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mments, and under despotic governments in all times, tlie 
onvenience or gratification of the monarch, die govern- 
aent or the public, has been allowed too often, to put aside 
xmanderations of personal and individual happiness. Witli 
us, different ideas happily prevail. Widi us, it Is not tlie 
public, or the government, in its^orporate character, that 
is the only object of regard. /jZbe public happiness is to 
be the aggregate of the happiness of individuals. Oiy:^ys- 
tem begins_witbjbe^dividual man. It begins with him 
when he leaves die cradle; and it proposes to instruct 
him in knowledge and in morals, to prepare him for his 
state of manhood ; on his arrival at that state, to invest 
him with political rights, to protect him, in his property 
and pursuits, and in his family and social connexions; 
and thus to enable him to enjoy as an individual, moral, 
and rational being, what belongs to a moral and rational 
being. For the same reason, die arts are to be promoted 
fcr their general utility, as they effect the personal hap- 
piness and well being of the individuals who compose die 
communityTy It would be adverse to the whole spirit of our 
system, that we should have gorgeous and expensive pub- 
lic buildings, if individuals were at die same time to live 
b bouses of mud. Our public edifices are to be reared 
by the surplus of wealth, and die savings of labor, after 
tbe necessities and comforts of individuals are provided 
fiir ; and not, like the Pyramids, by the unremitted toll of 
thousands of half starved slaves. Domestic architecture, 
therefore, as connected with individual comfort and hap- 
piness, is to hold a first place in the esteewv oC omx «s^*3»^&« 
let our citizens have houses cheap, but coTOfo\\a^^\ "c^Sl 
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gaudy, but in good taste ; not judged by the portion of 
earth which they cover, but by their symmetry, their Ill- 
ness for use, and their durability. 

Without farther reference to particular arts, with 
the objects of tliis society have a close connexion, it mif 
yet be added, generally, that^iis i s a peri od of great ac- 
tivity, of industry, of enterprise in the various walb of 
life. It is a period, too, of growing wealth, and increasing 
prosperity. It is a time when men are fast multipljia^ 
but when means are increasing still faster than men. A> 
auspicious moment, then, it is, full of motive and encoitf^ 
agement, for the vigorous prosecution of those inquiriesi 
which have for their object the discovery of farthtf and 
farther means of uniting tlie results of scientific research to 
the arts and business of lifeS 
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BY EDWARD EVERETT. 



rhc foUowiDg Essay is compiled from a discourse delivered by the author, 
at the opening of the Mechanics' Institute in Boston, in November, 1827 ; 
an address before the Middl esex Coun ty Lyceum, at Concord, in No- 
vember, 1829 'j and an oration before tEe Columbian Institute at Wash- 
ington, in January, 1830. The publication of those addresses, at the time 
of their delivery, was requested, but was delayed on the ground that they 
formed, severally, parts of a general view of the subject, which it was the 
intention of the author to complete at some future period. That intention 
has been fulfilled, as far as it was in the power of the author, in the fol- 
lowing Essay, which is respectfully dedicated to the associations before 
whom the above-mentioned addresses were delivered. 



The object of the Mechanics' Listltute is, to diffuse use- 
knowledge among the mechanic class of tlie community, 
iins, in general, to improve and inform the minds of its 
libers ; and particularly to illustrate and explain tlie prin- • 
es of tlie various arts of life, and render tliem familiar 
hose, who are to exercise jthese arts as their occupation 
society. It is also a proppr object ol \\\e \n&Vv\>\\a \Ji 
It out tlic donijcclion between the medaacoac.«x\s>«xA'^^ 
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other pursuits and occupations, and show the foundat 
which exist in our very nature, for a cordial union beti 
tliem all. 

These objects recommend themselves strongly and < 
ously to general approbation. While the cultivation ol 
mind, in its more general sense, and in connection vrith hk 
is as important to the mechanics as to any other class o 
commimity ; nothing is plainer than that those whose 1 
hood depends on the skilful practice of the arts^ ought 
instructed, as far as possible, in the scientific principles 
natural laws, on which the arts are founded. This L 
cessaiy, in order that tlie arts themselves should be pui 
to the greatest advantage ; that popular errors shoul 
eradicated ; tliat every accidental improvement in the 
cesses of industry, wliich offers itself, should be readily 
up and pursued to its principle ; tliat false notions, lead 
waste of time and labor,''should be prevented firom gain! 
retaining currency ; in short, diat die useful, like tlie 
mefttal arts of life, should be carried to die point of at 
ble perfection. 

The history of the progress of the human mind sho\ 
that, for want of a diffusion of scientific knowledge ai 
practical men, great evils have resulted both to sc 
and practice. Before die invention of die art of prh 
die means of acquiring and circulating knowledge wen 
and ineffectual. Tlie philosopher was, in consequence 
clusively a man of study, who, by living in a monastic s 
sion, and by delving into the few books which time 
spared, — particularly die works of Aristotle and his comi 
tntorsy — succeeded in mastennCj xhe Yewreivcv^ o^ >Spft 
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karning mostly of an abstract and metaphysical nature. 

^us, living in a world not ol* practice, but speculation, 

iiever bringing bis tlicories to the test of observation, all bis 

studies assumed a visionary character. Hence the projects 

for the transmutation of metals ; a notion not originating in 

any observation of tlic qualities of the dillbrent kinds of 

metals, but in reasoning, a priori, on their supposed identity 

of substance. So deep-rooted was this delusion, that a great 

part of the natural science of the middle ages consisted in 

projects to convert the baser metals into gold. It is ])lain 

that such a project would no more have been countenanced 

by intelligent, well informed persons, practically conversant 

with the nature of tlie metals, tlian a project to transmute 

pine into oak, or fish into flesli. 

In like manner, by giving science wholly up to die philos- 
ophers, and making the practical arts of life merely a mat- 
ter of traditionary repetition from one generation to anoUier 
of iminibrmed artisans, much evil of an opposite kind was 
occasioned. Accident, of course, could be the only source 
of improvement ; and for want of acquaintance witli tlic lead- 
ing principles of mechanical philosophy, the chances were 
indefinitely multiplied against tliesc accidental improvements. 
For want of the diffusion of information among practical 
men, the improvements prevailing in an art in one place were 
unknown in other places; and processes existing at one 
period were liable to be forgotten in tlie lapse of time. Se- 
crets and mysteries, easily kept in such a state of tilings, 
and cherished as a source of monopoly by tliose who pos- 
sessed them, were so common, diat mystery is still occasional- 
Ir used as synonymous witli trade. TV\vs ako eowVx^wVfc^ 
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to the loss of arts once brought to perfection, such as that C7^ 
staining glass, as practised in tlie middle ages. C€m\^CBt'' 
ed machinery was out of tlie quesdon ; for it requires, for 
its invention and improvement, tlie union of scientific 
knowledge and practical skill. The mariner was there- 
fore left to creep along die coast, wliile die astronomer 
was casting nativities ; and die miner was reduced to the 
most laborious and purely mechanical processes, to extract 
the precious metals from the ores diat really contained them, 
while die chemist, who ought to have taught liim the meth- 
od of amalgamation, could find no use for mcrcuiy, but as a 
menstruum by which baser metals coidd be turned into 
gold. 

At die present day, tliis state of diiiigs is certainly cliang- 
ed. A variety of popular treatises and works of reference 
have made die great principles of natural science generally 
accessible. It certainly is in die power of almost every 
one, by pains and time properly bestowed, to acquire a de- 
cent knowledge of every bmnch of practical philosophy. 
But still it would ap})ear, that, even now, this part of edu- 
cation is not on die riglit footing. Generally speaking, even 
now, all actual insUxiction in the principles of natural science 
/is confined to die colleges ; and the colleges are, for the 
i most part, frequcnteil only by those intended for professional 
life. The elementary knowledge of science, which is com- 
municated at the colleges, is indeed useful in any and every 
calling ; but it does not seem a proper arrangement, that 
none but those intended for die pulpit, die bar, or die pro- 
fession of medicine, should receive instrucUon in those prin- 
ciples, which regulate die opcralvow ot\i\e\Tvcc\va\\vc"A^\v- 
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"/\ ^> and lie at the foundation of complicated uiacliineiy ; 

"^l ^oich relate to the navigation of the seas, tlie smelting and 

i^^fining of metals, the composition and improvement of soib:, 

the reduction to a uniform whiteness of the vegetable fibre, 

tbe mixture and application of colors, the motion and pressure 

of fluids in large masses, tlic nature of light and heat, tlie laws 

of magnetism, electricity and galvanism. It would scein 

|l that this kind of knowledge was more immediately requisite 

fixr those who are to construct or make use of labor-saving 

I machinery, who are to navigate tlie ocean, to lay out and 

'idirect the excavation of canals, to build steam-engines and 

hydraulic presses, to work mines, and to conduct large agii- 

I cultural and manufacturing establishments. Hitlierto, with 

some partial exceptions, little has been done to aflbrd to 

f- rahoBe engaged in tliese pursuits tliat knowledge, wliich, liow- 

^ ever c(Hivenient to otliers, would seem essential to them. 

^ There has been sgarc^^iuiy thingjjvhich could be called 

Jt education for practical life ; and tliose ])crsons, who, in tlic 

pursuit of any of tlie useful arts, have signalized themselves 

y by the application of scientific principles for the invention of 

/new processes or tlie improvement of the old, have been^jglt 

f educated men. 

I am aware that it is often objected, that tlie greatest dis- 
i coveries and inventions have been either the production of 
> such self-educated men, or have been struck out by acci- 
. ' dent. There certainly is some truth in this. So Ion®; as 
O no regular system of scientific education for the working 
jj/ classes exists, it is a matter of necessity, that, if any great im- 
^^ provement be made, it must be either the result of ^w»d«:^ 
l^tbe happy tliought of some powcrtu\ lx«LUve^e;«v^\^,^^»^^ 
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forces il3 way, without education, to tbe most aatonislimg tc 
suits. This, however, k no more tlie case witli resped W 
iho useful arts and tlie mechanical pursuits, than with kt- 
3])ect tu all tlic otlicr occupations of society ; and it wouU' 
continuo to be the case after the establishment of tlie b 
system of scieiilific edueation/1 VVc find, in every pursuit aiu 
calling, some instances of remarkable men, wlio, without ai 
early education adapted to the object, have raised tlienw 
selves 10 great eminence. Lord Chancellor King, in Eng* 
land, was a grocer at that period of life which is common^ 
spent in academical study, by those destined for tiie profe» 
sion of die law. Chief Justice Pratt, of New York,hari[ig 
been brouglit up a carpenter, was led by a severe cut from u 
iixB, which unfitted him for work, to turn bis attention to th 
law. Franklin, who seemed equally to excel in the coaduc 
of the business of life, in die suhlimest studies of philosc^jq 
and in the management of the most difhcutt stale a^ir^ 
was bred a primer. — ^AU these callings are quite respectably 
but no one would tliink of choosing either nf them as tl 
school of the lawyer, judge, or statesman, Tlio fact that ll 
native power of genius sometimes forces its way against all ob 
.siacles, and under every discoiu-agement, proves nothing 4 
In ihe course wjiich it is expedient for the generality t>f ma 
lo pursue. vThe safe path to excellence and success, in ew 
ery calling, isUiat of appropriate preliminary education, di]» 
gent application lo (cam tlie art, and assiduity b practisiii| 
il. And I can perceive no reason why this course shouU 
not be followed in reference to llie mechanical, as well aa thi 
j)rofe.aiiQnal callings. The instances of eminent men 1 

r/, mill many otiici's thai m\^\u. V»c, such wi N^-«<f<^ 



KB«y 



I' 



i 



.^1 . ■) 






IMPORXAl^E OlfN-SCIENTIFlC KNOWLEUGK. G5 

^d Harrison, wlio have sprung from the deptli^ of ix>verly, 
to astonish and benefit mankind, no more prove that educa- 
tion is useless to the mechanic, than tlie corresponding ex- 
amples prove tliat it is useless to the statesman, jurist or 
divine77 

•■ Besides, it will perhaps be found, that the great men, 
like those I have named, instead of being instances to show 
that education is useless, prove only, that occasionally men, 
who commence their education late, are as successful as 
those who commence it early. This shows, not that an 
eariy education is no benefit, but that the want of it may 
sometimes be made up in later years. It might be so made 
up,- no doubt, oftener than it is; and it is in this country 
much more frequently than in any other. 

The foundation of a great improvement is also often a 
single conception, which suggests itself occasionally to strong 
and uneducated minds ; and who have the good fortune after- 
wards to receive fix)m others that aid, in executing their pro- 
jects, without which the most promising conception might 
have perished undeveloped. Thus Sir Richard ArkwTight 
was a poor barber, endowed, however, witli a wonderful 
quickness of mind. What particular circumstances awaken- 
ed his mechanical taste we are not told. There is some 
reason to think, that this, like other strongly-marked apti- 
tudes, may partly depend on the peculiar organization of the 
body, which is exactly the same in no two men. The daily 
observation of die operation of die spinning wheel, in the 
cottages of the peasantry of Lancashire, gave him a full 
knowledge of die existing state of ll\e aiV, vi\»fc\\\\.N5'^^\v\^ 
f^ood fortune to improve to a degree wVvvc\v\^ cn^tv^^X'^^ 
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wonder of the world. He conceived, at length, the idea of an 
improved machine for spinning. And in this conception^— 
not improbably a flash across tlie mind, the work of an in- 
stant, — ^lay all his original merit. But this is every thing. 
America was discovered from the moment that Columbus 
firmly grasped the idea that, the earth being spherical, the 
Indies might be reached by sailing on a westerly course. 
If the actual discovery had not been made for ages after the 
death of Columbus, he would, nevertheless, in publishing thb 
idea to the world, have been tlie pilot that led the way, who- 
ever had followed liis guidance. Sir Richard Arkwriglit, 
having fonned the conception of his spinning machine, had 
recourse to a watchmaker to execute his idea. But how 
i-arely could it happen, that circumstances would put it in 
the power of a person ignorant, and poor, to engage the co- 
operation of an intelligent watclunaker ! ' ^ 

Neillier is it intended, tliat die education which we re- 
commend, should extend to a minute acqiiaffilance with the 
practical application of science to tlie details of every art.. 
Til is would be impossible, and does not belong to preparato-i 
ry education. We wish only that die general laws and prin- 
ciples should be so taught, as greatly to multiply the num- 
ber of persons competent to carry forward such casual sug- 
gestions of improvement as may present themselves, and 
to bring their art to that state of increasing excellence, which 
all arts reach by long-continued, intelligent cultivation. 

It may further be observed, with respect to those great 
discoveries which seem to be produced by happy accidents 
a/ir/ fortuitous suggestion, tliat suchViap^y ^iccA^ewv&^x^xnoi^ 
Jikelyto fall in the way of tliosc, \v\\o arc on \VveVx^?Lo^3xSsK 
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them, — those whose menial eyesight has been awakened and 
practised to behold tlieni. The world is informed ofalltiie 
cases in which such fortunate accidents have led to useful and 
brilliant results; but tiieir number would probably api)ear 
smaller than it is now supposed to be, were such a thing pos- 
sible as tlie negative AiV^ory of discovery and improvement. 
No one can tell us what might have been done, had every 
opportunity been faithfully improved ; every suggestion saga- 
ciously caught up and followed out. No one can tell how 
often the uneducated or unobservant mind has approached 
to the very verge of a great disco\ery, has had some won- 
derful invention almost tlirust upon it, but without eiiect. 
The ancients, as we learn from many passages in the Cireek 
and Latin classics, were acquainted with convex lenses, but 
did not apply diem to the construction of magnifying glasses or 
telescopes. They made use of scil-rings containing inscri^)- 
tions ; and tliey marked tlieir flocks widi brands, containing 
the owner's name. In each of tlicse practices, faint rudi- 
ments of the art of printing ai'e concealed. Cicero, in one of 
liis moral works {De JSTatura Dcorum), in confuting the er- 
rors of thc^ philosophers, who taught diattlie world was pro- 
duced by tlie fortuitous concourse of wandering atoms, uses 
the following language, as curious in connection with the point 
I would illustrate, as it is beaudful in expression, and |x>wer- 
ful in argument : — " Here," says he, " must 1 not wonder, if 
there should be a man who can persuade himself, that certain 
solid and separate bodies are borne about by force or 
weight, and that tliis most beautiful and fmished world is 
forpied by tlieir accidental meeting? Wlaoevei ^"asv ^JciKit^ 
Ais possible, I do not sec why \\e cvMmQV vs^sq Xi^i^N^ '^^ 
6* 
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if a large number of forms of tlic one and twenty letters 
(of gold or any like substance) Were tlirown anywhere 
together, tliat tlie annals of Ennius might be made out 
from tliem, as tliey are cast on the ground, so as to .be 
read in order ; a thing which I know not if it be within the 
power of chance to efiect, even in a single verse." — 
How vciy near an approach is made, in diis remark, to the 
invention of tlie art of printing, fifteen hundred years before 
it took place ! 

How slight and familiar was tlie occurrence whibh gave 
to Sir Isaac Newton tlie first suggestion of his system of 
tlic universe ! This great man had been driven by the 
plague from London to tlie country, and had left his library 
beliind him. Obliged to find occupation in the activity of 
his own mind, he was led, in his meditations, to trace the 
extent of tlie principle which occasioned the fall of an ap- 
j)le from tlie tree, in the garden where he passed his soli- 
tary hours. Commencing witli tliis familiar hint, he follow- 
ed it out to that universal law of gravity, which binds the 
parts of tlie cai'tli and ocean together, which draws the 
moon to the earth, the satellites to tlie planets, the planets 
to tlie sun, and the sun itself, with its attendant worlds, \0: 
ward some grand and general point of attraction for that in- 
finity of systems, of which tlie several stai's are- tlie centres. 
How many hundreds of tliousands of men, since the crea- 
tion of the world, had seen an apple falling from a tree ! 
How many philosophers had speculated profoundly on the 
system of the universe ! But it required tlie talent of a 
mail, pineal by general consent at tlie head of the human 
race, to c/c(/ucc from this fauuWar occviTtcTvcc^ow^^i^wSsiRr 
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of the earth, the operation of the primordial law of nature 
which governs the glorious movements of the heavens, and 
hokb the universe togetlier. Nodiing less dian his sagacity 
could have made the deduction, and notliing less than a 
madiematical skill and an acquaintance with the previously 
ascertained principles of science, — such as falls to the lot of 
very few, — ^would have enabled Newton to demonstrate tlic 
trmh of his system. 

Let us quote another example, to show that the most 
obvious and familiar facts may be noticed for ages widiout 
e&ct, till they are observed by a sagacious eye, and scniti- 
■ niied with patience and perseverance. — ^The ap[>earancc of 
^>"Wg in the clouds was as old as creation ; and ccrUiin- 
■.ijno natural phenomenon forces itself more dli'cctly on the 
notice of men. The existence of die electric fluid, as ex- 
cited by artificial means, was familiarly known to philoso- 
phers a hundred years before Franklin ; and there arc a 
far vi^e hints, prior to his time, tliat lightning was an 
dectrical appearance. But it was left for Franklin distinct- 
!r to conceive that proposidon, and to institute an exper- 
•tent by which it should be demonstrated. The process 
which he reached this great conclusion is worth remem- 
g. Dr. Franklin had seen the most familiar electrical 
iriments performed at Boston, in 1745, by a certain Dr. 
'pence, a Scotch lecturer. His curiosity was excited by 
^tnessing these experiments, and he purchased die whole 
^f Dr. Spence's apparatus, and repeated the experiments 
^ Philadelphia. Pursuing his researches widi his own in- 
^^ttiments, and others which had been libei^ffly \>t^^eiiv\&^ \si 
^e province of Peunsylvania, by the YWfopY\e\.c«:,^T.^^'WCv^ 




. and by Dr. Pranklin's friend Mr. Collinson. c 

countryman rapidly enlarged t!ie bounds of electrical i 

ence, and soon arrived at (lie undoublin^ conviction,! 

the electric fluid and lightning are identical. But hec( 

Hot rest till he had brought tiiis tnitli to the test of den 

2 Btration, and he boldly set about an experiment, upaii<d 

most terrific clement in nature. He at Gifit proposed,) 

means of a spire, which was erecting in Philadelpbiap 

form a connection between the region of the clouds a; 

electrical apparatus ; buitheappearanceofaftoy's fcittinti 

. nir, suggested to him a readier methnd. Having prepi^ 

^ a kite adapted for the pui-pose, he went out into a fie]d,i 

Companied hy his son, to whom alone he liad i 
, his design. The kite was raided, having a key atOi 

the lower end of the cord, and being insulated by t 
' of a silken thread, by which it was fastened to a post.] 
heavy cloud, apparently charged with liE^htning, passed 
tlie kite ; but no signs of electriciiy were witnessed m 
capparatus. Franklin was beginning to despair, when bt 
pitic loose fibres bristling from the hempen cord. Hein 
Fdialely preacnied his knuckle to ihe key, and recnvod 
r electrical spark. Overcome by his feelings, at theo""^ 
r^niBtion of this great discovery, " he heaved a deep s^ i 
r conscious of an immortal name, felt that he could havel 
f "content, had that moment been his last." How east 
' might Irave been his last, was shown by the fact, thtl * 
[professor Richman, a few months afterwards, was repM 
' tliis exiicriment at St, Petersburgh, a globe of fire flu 
kfeiii the coitducttra tod to bis fenhead, onditaad-Ml 
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Brilliant as Dr. Franklin^s discoveries in electricity were, 
aod much as he advanced the science by his sagacious ex- 
periments and unwearied investigations, a rich harvest of 
farther discoverite was left by him to tlic succeedii^ age. 
The most extraordinary of these is tlie discovery of a mod- 
ification of electricity, which bears the name of tlie philos- 
" opher by whom it was made known to the world ; — ^I refer, 
of course, to Galvanism* Lewis Gnivani was an anatomist 
[^ inBobgna. On a table in his study lay some frogs, which 
r had been prepared for a brotli for his wife, who was sick. 

Ik 

I An electrical machine stood on tlie table. A studejit of 
h Galvani accidentally touched tlie nerve on tlie inside of tlic 
leg of one of the frogs, and convulsions immediately took place 
in the body of the animal. Galvani himself was not present 
at the moment, but this curious circumstance caught tlie at- 
tention of his wife, — a lady of education and talent, — ^who 
ascribed it to some influence of the electrical machine. She 
informed her husband of what had happened, and it was 
ins opinion also tliat the electrical machine was tlie origin of 
the convulsions. A long-continued and patient course of 
investigation corrected tliis error, and established the science 
of Gralvanic electricity, nearly as it now exists, and which 
has proved, in the hands of Sir Humphrey Davy, tlie 
agent of the most brilliant and astonishing discoveries. It is 
well known that frogs have been a common article of food 
in Europe for ages; but it was only when they were 
brought by accident into the study of tlie anatomist, and 
fdl beneath tlie notice of a sagacious eye, tliat they became 
die occasion of this brilliant discovery. 
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111 all these exajnjiles, we see thai, wlialever be the fii 
Di'igiii of u great discnveiy or improvenieol, science i 
j study are reijuired to [jerfect ariil illiislrale it. The wi 
ofalmowleiige of liie principles of science has often led m 
a waste much time on pursuits, which a Ijetter scquaioiaos 
tfitli lliose principles tvould have tauglit them were li 
The jmlent office in eveiy country, where such I 
ulion exists, contains, perhaps, as many mactunsi 
Hitch show llie waiit, as the possession, of sound scie 
ffic knowledge. Besides unsuccessful essays at machic 
ly, holding forth a promise of feasibility, no little ingenin 
and much lime and money, have been lavislied on a pt 
jcci, which seems, in modem times, to supply ihe place' 
the philosopiier's stone of the alchemists ; — 1 mean a co 
irivance for perpetual motion, a contrivance incoiBisK 
with llie law of gravity. The effect of a familiar acquaini 
ance widi the principles of science is not only to guide ih 
mind to the discovery of what is useful and practical, I 
1 protect it from the delusions of an excited i 
Sady to waste itself, in the ardor of youth, enterprise, ■ 
nscious bgenuity, on that which the laws of Nature he 
made unattainable, 
■' Such are some of the considerations, which show il 
"general utility of scientific education, for iliose engaged in lb" 
mechanical arts. Let us now advert to some of the circum* 
stances, which ouglit, particularly in the United States « 
America, to act as encouragements to tlie young men of W 
country to apply themselves earnestly, and, as far as it c«i Ix 
<£wH^ syataaKOcaiij, to the utsisman of such an ariHUiV 
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1 . And, first, it is beyond all question, that what are called 
the mechanical trades of this country are on a much more 
^ liberal footing than they are in Europe. This circumstance 
not only ought to encourage those who pursue them, to take 
an honest pride in improvement, but it makes it their in- 
cumbent duty to do so. In almost every country of Europe, 
various restraints are imposed on llie mechanics, which almost 
amount to slavery. A good deal of censure has been lately 
thrown on the journeymen printers of Paris, for entering into 
combinations not to work for their employers, and for break- 
ing up the power-presses, which were used by the great 
employing printers. I certainly shall not undertake to 
justify any acts of illegal violence and the destruction of 
property. But when you consider, that no man can be a 
master printer in France without a license, and that only 
eighty licenses were granted in Paris, it is by no means 
wonderful that the journeymen, forbidden by law to set 
up for themselves, and prevented by tlie power-presses from 
getting work from otliers, should be disposed, after having 
carried through one revolution for the government, to un- 
dertake another for themselves. Of what consequence is it 
to a man, forbidden by tlie law to work for his living, whether 
Charles X or Louis Philip is king ? 

In England, it is exceedingly difficult for a mechanic to 
get what is called a setdement, in any town except that in 
which he was bom, or where he served his apprenticeship. 
The object of imposmg these restrictions is to enforce on 
each parish the maintenance of its native poor ; and tlie 
resort of mechanics &om place to place is ^eircvWXfe^ o\^ ^^ 
conditions, with which many of tliem ate uiv^sXAe \o ^ovw^ 
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The consequeuce is, they are obliged to siay where ihq 
were bom, where perhaps there are already more 
BAbj) cor find work ; and, from ihe decline o 
"'place, even ihe established artisans want employ 
Chamed to such a spot, where chance and necessity liaw 
bound him, the young man feels himself but half free. He 
is thwarted in his choice of a pursuit for life, and obl^ed ID 
lake lip with an employment against his preference, be- 
cause ibere is no opening in any olher. He is depressed 
in his own estimation, because he finds himself unprotected 
in society. The least evil likely to befall him is, thai he 
drags along a discouraged and unproductive existence. He 
more naturally falls into dissipation and vice, or enlists in the 
arm\ or nav^ , whde the place of his nativity is gradually 
becommg a deca\ed, and finally a rotten borough, and, us 
such, enables some uch. nobleman to send two members lo 
pmliamcnt, to make laws against combinations of workmen. 
In other countries, smgular institutions exist, imposing of 
pressive burdens on the mechanical classes. I refer noiv more , 
particularly lo the corporations, guilds, or crafts, as they ai 
called, that is, the companies formed by the mcmbeia of^ 
particular trade. These exist, widi groat privileges, in . 
part of Europe ; in Germany, there are some features id til 
institution, as it seems to me, peculiarly oppressive. 
(lifTeront craiis in thai country are incorporations recogniaa 
by law, governed by usages of great antiquity, with a fiid 
lo defray the corporate expenses, and, in each conadera 
town, a house of entertainment is selected as ilie house ( 
call, ca- harbor, as it is styled, of each particular craft, Thl^ 
■k'^ee, in the German towns, n nuvnfeei o^ w 
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y their signs as the Masons' Harbor, the Blacksmiths' 
tarfoor, &C. No one is allowed to set up as a master work- 
fiaa in any trade, unless he is admitted as a freeman or 
Qiember of the craft ; and such is the stationary condition 
>f most parts of Germany, that I understand that no person 
s admitted as a master workman in any trade, except to 
supply the place of some one deceased or retired from 
business. When such a vacancy occurs, all those desirous 
of being permitted to fill it present a piece of work, execu- 
ted as well as they are able to do it, which is called their 
master-piece, hieing offered to obtain the place of a master 
workman. Nominally, the best workman gets the place ; 
but you will easily conceive, that, in reality, some kind of 
favoritism must generally decide it. Thus is every man 
obliged to submit to all the chances of a popular election, 
whether he shall be allowed to work for his bread ; and 
hat, too, in a country where the people are not permitted to 
lave any agency in choosing their rulers. But the restraints 
Ml journeymen, in that country, are still more oppressive. 
\s soon as the years of apprenticeship have expired, the 
roung mechanic is obliged, in the phrase of the country, to 
zander for three years. For this purpose he is furnished, 
)y the master of the craft in which he has served his ap- 
3renticeship, with a duly authenticated wandering book, 
vith which he goes forth to seek employment. In what- 
jver city he arrives, on presenting himself, with this creden- 
ial, at the house of call, or harbor, of the craft in which he 
las served his time, he is allowed gratis a day's food and a 
light's lodgmg If he wishes to get emplayTcvewX. ycl 'Ctoa^. 
tkce, be is assisted in procuring it. If he does xvo\. ^V^Xft- 
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or fails in the attempt, he must pursue his wandering ; and 
this lasts for three years, before he can be anywhere adroitted 
as a master. — I have heard it argued, that this system had the 
advantage of circulating knowledge from place to place, and 
imparting to the young artisan the fruits of travel and inter- 
course witli tlic world. But, however bene6cial tra\'ellii^ 
may be, when undertaken by those who have the taste and 
capacity to profit by it, I cannot but tliink, that to coinpd 
every young man, who has just served out his time, to leaw 
his home, in the manner I have described, must bring his 
habits and morals into peril, and be regarded rather as a 
hardship than as an advantage. There is no saiictuaiy of 
virtue like home. 

You will see, from these few hints, the nature of some 
of the restnunts and oppressions to which the mechanical 
industry of Europe is subjected. Wherever governments 
and corporations thus interfere witli private industi^-, the 
spring of personal enterprise is unbent. Men are depressed 
with a consciousness of living under control. Tliey cease 
to feci a res|X)nsibility for tliemsclvcs, and, cncounterii^ 
obstacles whenever tlicy step from the beaten path, they 
give up improvement as hopeless. I need not, in the pres- 
ence of this audience, remark on the total difference of 
thuigs in America. We are apt to diink, that the only thins 
in which we have improved on other countries, is our 
]x>litical constitution, whereby we choose our rulers, instead 
of recognising their hereditary riglit. But a much more 
im|)ortant difference between us and foreign countries is 
wrought into tlie very texture of our society; it is diat gen- 
craJly jnintiding freedom from Tcsm!\i\V>\xv tnsiWGx^^^tc^^&csft, 



IMPORTANCE OP SCIENTIFIC KNOWLEDGE. 77 

I have just specified. In England, forty days' undisturb- 
ed residence in a parish gives a journeyman mechanic a 

• 

settlement, and consequently entities him, should he need it, 
to support from die poor rates of that parish. To obviate 
this efect, the magistrates are on the alert, and instantiy ex- 
pel a new comer from their limits, who does not possess 
means of giving security, such as few young mechanics com- 
mand. A duress like tiiis, environing the young man, on 
his entrance into life, upon every side, and condemning 
him to imprisonment for life, on the spot where he is born, 
converts the government of the country — ^whatever be its 
name — ^into a despotism. 

2. There is another consideration, which in\dtes the ar- 
tisans of this country to improve their minds ; it is the vast- 
ly wider field, which is opened to tiiem, as the citizens of a 
new country ; and tiie proportionate call which exists for 
labor and enterprise in every department. In the old 
world, society is full. In every country but England, it has 1 
long been full. It was in that countiy not less crowd- 
ed, till die vast improvements in machinery and manufac- 
turing industry were made, which have rendered it, in 
reference to manufactures and commerce, — ^what ours is, 
still more remarkably, in every thing, — a countiy of urgent 
and expansive demand, where new branches of employment 
are constantiy opening, new kinds of talent called for, new 
arts struck oOt, and more liands employed in all the old 
ones. In different parts of our country, the demand is of a 
different kind, but it is active and stirring every wU^xe. 

It may not be without use to consider t\\e \vxx\o\v'5»^'iy\>&^'^ 
'/ Ms enlargement of the field of ?iclvoi\, m \\\vs ewxvVv 

7* 
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The first, and, perhaps, the main cause, is the great abun- 
dance of good land, which lies open, on the easiest ccmditioDS, 
to every man, who wishes to avail himself of it. One dollar and 
Vtwenty-five cents will enable any man to* purchase an toe 
y of first-rate land. This cu'cumstance alone acts like a safe- 
ty-valve to the great social steam-engine. There can be 
no very great pressure any where in a. community, where, 
V^y travelling a few miles into the interior, a man can buy 
an acre of land for a day-work. This was the first stimu- 
lus which applied itself to the condition of things in tbis 
country, after the revolutionary war, and it is still (grating 
in full force. ^ 

The next great spring to our industry was felfintbe 
navigating interest. This languished greatly under the old 
confederation, being crushed by foreign competition. The 
adoption of the constitution breathed the breath of life into it. 
By the duty on foreign tonnage, and by the confinement of 
the privilege of an American vessel to an American built 
ship, our commercial marine sprang into existence with the 
rapidity of magic^ and — ^under a peculiar state of things 
in Europe — appropriated to itself the carrying trade of the 
world. 

Shortly after this stimulus was applied to the industry of 
the Northern and Middle States, the Southern States ac- 
quired an equally prolific source of wealth, unexpected and 
rapid beyond example in its operation ; I mean the cultivation 
of cotton. In 1789, the hope was expressed by southern 
members of congress, that, if good seed could be procured, 
cotton might be raised in t\\e So\x\i\ertv States, where, befiwe 
that timcj and for several yetvvs ^^\jBT^Tvo\^\KAxsA\fiw^\wR. 
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nised for exportation. The culture of this beautiful staple 
was encouraged by a duty of three cents a pound on im|K)rted 
cotton ; but it languished for some time, on account of die 
difficulty of separating the seed from the fibre. At length 
Mr. Whitney of Connecticut invented the saw-gin ; and so 
prodigiously has this culture increased, that it is calculated, 
that the cotton crop of last year amounted to one million of 
bales, of at least 300 lbs. each. 

In 1807, the first successful essays were made witii steam 
navigation. The progress at first was slow. In 1817, there 
was not such a thing as a regular line of steamboats on the 
Western waters. Two hundred steamboats now ply those 
waters, and half as many navigate the waters of tlie AUantic 
coast 

The embargo and war created the manufactures of the 
United States. Before that period, nothing was done, on 
a lai^e scale, in the way of manufactures. With some 
fluctuations in prosperity, they have succeeded in establisli- 
ing themselves on a firm basis. A man can now buy two 
good shirts, well made, for a dollar. Fifteen years ago, 
they would have cost him three times that sum. 

Still more recentiy, a system of internal improvements 
has been copnmenced, which will have the eflTect, when a 
litde further developed, of crowding within a few years the 
progress of generations. Already Lake Champlain from the 
north, and Lake Erie firom die west, have been connected 
with Albany. The Delaware and Chesapeake Bay have 
been united. A canal is nearly finished in the upper part 
of New Jersey, Irom the Delaware to \he ft>3AsftK\0a^ n^\sss5c^ 
coaJ Is already despatched to our mftiVLeV., hxvcfCcNRX x^xj^s 
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is laid out across the same state, to connect New York by a 
rail-road widi Pliiladelphia. A water communication has 
been opened by canals half way from Philadelphia to Pitts- 
burgh. Considerable progress is made both on the rail- 
road and tlie canal, which are to unite Baltimore and 
Washington with the Ohio River. A canal of sixty miles in 
length is open from Cincinnati to Dayton in the state of 
Ohio ; and another, of more tlian three hundred miles in 
extent, to connect Lake Erie witli the Ohio, is two thirds 
completed. 

I mention these facts, (which, tliough among the most con- 
siderable, are by no means all of die same character, which 
might be quoted,) not merely as being in themselves curious 
and important ; tliough this they are in ahigh degree. My 
object is to turn your attention, to their natural eflfect, in 
keeping up a constant and high demand for labor, art, skill 
and talent of all kinds, and tlicir accumulated -fruits, that 
is, capital } and tliereby particularly inviting the young to 
exert diemselvcs strenuously to take an active, industrious, 
and honorable part in a community, which has such a va- 
riety of employments and rewards for all its members. . TTie 
rising generation beholds before it not a crowded conmiuni- 
ty, but one where labor, boUi of body and mind, is in great- 
er request, and bears a higher relative price, than in any 
other country. When it is said that labor is dear in this 
country, this is not a mere commercial proposition, like 
those which fill the pages of the price current ; but it b a 
great moral fact ^ speaking volumes as to the state of aocie- 
ty, and reminding die American citizen, particularly the 
young man who is beginnjng life, thai Vie \iN^Vsv ^ cioNSiSs^ 
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where erery man carries about witli liini the thing ui great- 
est request ; where the labor aud skill of the human hands, 
and every kind of talent and acquisition, possess a relative 
inqxHtance elsewhere unknown — in other words, where 
an induMtriaus man is of the greatest consequence. 

These considerations are well calculated to awaken en- 
terprise, to encourage effi>rt, to support perseverance ; and 
we behold on every side that such is their efiect. — I have 
already alluded to the astonishing growth of our navigation 
after the adoption of the federal constitution. It a£brds an 
example, which will bear dweUing u[X)n, of American en- 
terprise, placed in honorable contrast witli tliat of Europe. 
In Great Britain, and in other countries of Europe, the India 
and China trade was, and to a great degree still is, locked 
op bv the monopoly enjoyed by affluent companies, pro- 
tected and patronized by the state, and clothed, themselves, 
in some cases, with imperial power. The territories of the 
British East India Company are computed to embrace a 
population of 115,000,000 souls. The consequence of 
this state of things was not tlic activity, but the embarrass- 
ment, of the commercial intercourse with the East. Indi- 
vidui|l enterprise was not awakened. The companies sent out 
annually their unwieldy vessels of twelve hundred tons burden, 
commanded by salaried captains, to carry on the commerce, 
which was secured to tlicm by a government monopoly, and 
which, it was firmly believed, could not be carried on in any 
other way. Scarcely was American independence declar- 
ed, when- our moderate-sized merchant vessels, built with 
economy, and navigated with frugality, doubled both the ^:e^<. 
capes of the world. The northrwesleni eo^.'^ ^i ksfiiew:*'^ 
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began to be crowded. Not conlenl with visiting old mar- 
kets, our intelligent ship-raasters exploied ihe numeroiu , 
islands of the Indian Ai'chipelago. Vessels from Salem and j 
Boston, of two and three liundred tons, went to ports in thosa J 
seas, that had not been visited by a foreign ship since thai 
days of Alexander the Great. The intercourse betweefig 
Boston and the Sandwich Islands was uninterrupted. 
man would no more have thought of boasting that he had 
been round the world, than that he had been lo Liverpool 
After Lord Anson and Captain Cook had, by order and 
at the expense of the British government, made their labo- 
rious voyages of discovery and exploration in the Pacific 
Ocean, and on the coast of America, it still remained for a 
merchant-vessel from Boston to discover and enter the 
only considerabie river, iliat flows into the Pacific, from 
Behring's Strait to Cape Horn. Our fellow citizen. Cap- 
tain Gray, piloted the Britisli admiral Vancouver into ifae 
Columbia River ; and, in requital of this service, the British 
government now claims jurisdiction over it, partly on the 
ground of prior discovery ! 

This is but a single instance of the propitious eSect on 
individual enterprise of the condition of things tmder which 
we live. But the work is not all done ; it is, in fact, hardly 
begun. This vast comment is as yet no where fully stodi- 
ed, — almost every where thinly peopled. There a 
mighty regions of it, b which the settler's axe has never bee 
heard. These remain, and portions of them H'ill long n 
main, open for coming generations, a sure prcservatiw 
against the evils of a redundant population on the seat 
^Bs older pai-ts of the country , vj\iic,\i Wie teea w«iRi.\i 
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tbe hudbandman, and reclaimed from the state of nature, 
are now to be setded again by the manufacturer, the engi- 
neer, and the mechanic. First setded by a civilized, they are 
DOW to be setded by a dense population. Setded by die 
hard labor of die human hands, they are now to be setded 
by the labor-saving arts, by machinery, by the steam en- 
gine, and by internal improvements. Hitherto the work to 
be dooe was that, which nothing but the tough sinews of 
the arm of man could accomplish. This work, in most of 
the old states, and some of the new ones, has been done, 
and is finished. It was performed under incredible hard- 
ships, fearful dangers, with heart-sickening sacrifices, amidst 
the perils of savage tribes, and of the diseases incident to a 
sofl, on wliich deep forests, for a thousand years, had been 
laying their deposit, and which was now for the first time 
opened to the sun. The kind, the degree, the intensity of 
the labor, which has been performed by the men wlio set- 
tled this country, have, I am sure, no parallel in history. I 
believe that if a thrifty European farmer fix>m Norfolk in 
England or Flanders, a vine-dresser fix>m Burgundy, an 
dive gardener from Italy — under the influence of no strong- 
er feelings than those which actuate the mass of the sta- 
tionary populauon of those countries — ^were set down in a 
North American forest, with an axe on his shoulder, and told 
to get his living, that his heart would fail him at the sight. 
What has been the slow work of two thousand years in Eu- 
rope, has- here been effected in two hundred, unquestiona- 
bly under the cheering moral stimulus of our fi*ee insutudons. 
We have now, in some parts of the Umted StaXft^^t«wA«^^ 
point in our progress, where, to a consvAetiVAft ^e^e.^^^'ftK^ 
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fonn of society will appear ; in which the v/imls of a selUed 
country and a comparatively dense population will succee 
to those of a tliin [wpulation, scattered over a soil as y 
but partially reclaimed. We shall henceforth feel, moi 
and more, the want of improved means of communication? 
We must, in every direction, have turnpikes, unobstructed 
rivers, canals, rail-roads, and steamboats. The miner^ 
treasures of the eanli, metals, coals, ochres, fine clay^ 
stooe, gypsum, salt, are to be brought to light, and ^iplie 
to the purposes of the arts, and the service of man. , 
immense capital, which nature has invested for us in 
form of water power, (a natural capital, which I take t 
fully equal to the steam capital of Great Britain,} is U 
turned to account, by being made to give motion to 
chinery. Still another T'ast capiial, lying unproduct'ivi 
ihe form of land, is to be realized ; and no small pan ol 
it, for the first time, by improved cultivation. All tlH 
manufactures are to be introduced on a large scale ; ih 
coarser — wliere it has not been done — without delay; eni 
the finer, in rapid succession, and in proportion to the i 
qui^tion of skill, the accumulation of capital, and the ii 
provemeiit of machinery. With tiiese will grow up, or i» 
crease, the demand for various inslitutions for education ; tlM 
c^ for every species of intellectual sej-vice ; the need fia 
every kind of professional assistance, — all iiict'eased by I 
political organization, of itself in tlie highest degree hvotw 
ble lo die creation and difliision of energy tlirOugliout I 
commonwcaitli. 

These are so many considerations, which call on the rial 
^^^eneratiou of tliose destined fot vV\e at\ive'KniK»wta* 
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cai arts, to improve their minds. It is only in tliis inaiuicr, 
thu they can efl^tually ascertain tlic true bent of llieirown 
facuhiesy and, having ascertained it, employ themselves 
with greatest success in tlie w'ay for which Providence has 
fitted them. It is only in this manner diat diey can make 
themselves highly resi)ectcd in society, and secure to tliem- 
sehres the largest share of diosc blessings, which are die 
common objects of desire. In most of the countries of die 
older world, the greatest part of the prizes of life arc literal- 
\j distributed by die lottery of birdi. ftlcn are borq to 
wealth, which they cannot alienate ; to |)ower, from which 
they.cannot, without a convulsion of die body politic, be re- 
moved ; or to poverty and depression, from which, generally 
speaking, diey cainnot emerge. Here it rarely happens, 
thaVevenibr a- single generation, an independence can be 
enjoyed widiout labor and diligence bestowed on its acqui- 
sifkm and preservation ; while, as a general rule, die jtlace 
to which each individual shall rise in society is precisely 
graduated on the scale of capacity and exertion — ^in a word, 
of merit. Every diing, therefore, that shows the magnitude 
and growth of the country, — its abundance and variety of 
resources, — ^its increasing demand for all die arts, bodi of 
oniament and utility, — ^is . anodicr reason, calling upon die 
emulous young men of the working classes to enter into die 
career of improvement, where diere is the fullest scope for 
generous competition, and every talent of every kind is sure 
to be required, honored, and rewarded. 

There is another reflection, which ought not to be omit- 
ted. The rapid growth and swift ptospeiW.'^ ol ^'^ covwcsr^ 
bave their peculiar attendant evils, in aM\VtfM\ \» ^^'sft. ^ss 
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separable from humanity. To resist the progress of diese 
evils, to provide, seasonably and efficaciously, the moral and 
reasonable remedy of those disorders of the social system, to 
which it may be more particularly exposed, is a duty to be 
performed by the enlightened and virtuous potion of the 
mass of the community, quite equal in importance to any 
other dutyy which they are called to dischai^. In Europe, 
it is too much the case, that the virtuous influences, which 
operate on the working classes, come dovm fh>m the privi- 
leged orders, while the operatives themselves, as they are 
called, are abandoned to most of the vices of the most pro- 
lific source of ^ice — ^ignorance. It is of the utmost impor- 
tance, in this countr}', that the active walks of life should 
be filled by an enlightened class of men, with a view to the 
security and order of the community, and* to protect it 
from tliose evils, which have been thought, in Europe, to 
be inseparable from the great increase of the laboring popu- 
lation. What is done in other countries by gens iParmet 
and horse-guards, must here be done by public sentiment, or 
not at all. It is an enlightened moral public sentiment, that 
must spread its wings over our dwellings, and plant a 
watchman at our doors. It is perfectly well known to aU 
who heai* me, that, as a class, the mechanic and manufactur- 
ing population of Europe is regarded as grossly depraved ; 
while the agricultural population — ^with as litde exception 
— is set down as incurably stupid. This conviction was so 
prevalent, that many of the most patriotic of our citizens 
were opposed to the introduction of manufactures among 
us, partly on the ground tliat (actones are necessarily semi- 
naries of vice and immorality, TVwiat«i,^^&fe"«t\«&\««o. 
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most happily refieved by experience ; and it is found diat 
those establishments are as litde open to reproach, on the 
score of morals, as any odier in the community. Our me- 
chaDic and agricultural population will, in this part of the 
country, support the comparison, for general intelligence and 
morafity, with any m the world. This state of things, if it 
can be rendered permanent, is a great social triumph, and 
win be to America a juster subject of self-gratulation than 
any thii^ belonging merely to the political, economical, and 
[Aysical growth of the conmiunity. It deserves the con- 
sideration of every patriot, that the surest ^\'ay of perpetu- 
ating and difiusing this most en\iable state of things — this 
most desirable of all the advantages, which we can have 
over the old world — ^is to multiply the means of improving 
die mind, and put them within the reach of all classes. 
An intelligent class can scarce ever be, as a class, vicious ; 
never, as a class, indolent. The excited mental activity op- 
erates as a counterpoise to the stimulus of sense and appe- 
tite. The new world of ideas ; the new views of the rela- 
tions of things ; the astonishing secrets of the physical prop- 
erties and mechanical powers, disclosed to the well inform- 
ed mind, present attractions, which — unless the character is 
deepty sunk — are sufficient to counterbalance the taste for 
fiivoious or corrupt pleasures; and thus, in the end, a 
standard of character is created in the community, which, 
though it does not invariably save each individual, protects 
the virtue of the mass. 

3. I am thus brought to the last consideration, which i 
Aall mention^ as an encouragement to the iaee\\%xA& 0^^<&^ia^ 
to improve their minds ; and that is, the coiw^^i^Uv^l^^^^ 



er I'aiik whicli our iiistitutioDs assiga lo Uieoi in the politi 
system. One of tlie great causes, no doubt, of the ent»f 
prise and vigor which have akeady distinguished 
countrymen, in ahnost every pursuit, is the absence of tboov 
political distinctions, which are Independent of personal n 
and jxipnlar cbdce. It is the strongest motive that we csa 
suggest, for unremitted diligence in the acquisition of us^ 
knowledge, on the part of tlie laborious classes, diat ll 
have a far jnore responsible duty to discharge to si 
than ever devolved ou the same class in any other c 
uity. Every book of travels, not less than ev«y oppc 
nity of personal observation, instructs lis of tlie deploraU 
ignorance of a great part of those by whom the worit of I 
llie - community is done, In foreign countries. 
parts of England, diis class is more enlightened than it 
die continent of Europe ; and in that country, great efiii 
are making, at the present time, — and particularly I 
■the inslrumeniality of institutions like tliat under the a 
pices of which we are now assembled, — to extend the ti 
of education to those who have liidierto been deprir^ 
But it is a party question among them, i 
is right and proper, but how far it is prudent a 
ighten tiie people ; and while liie libera] par 
land are urgent for tlic difiiision of usofiil I 
prevent ilie people from breaking out i 
revolution, tlie government party exclaim 
(liSiision of knowledge, as tending to make the peoplft.d 
contented with their condiuon. 1 remember to Iwve KC9|K 
not long since, a charge to vUe gtwid jury by a v«j c 
English judge, in wVich \hc ^itacVKs. a^\inus^'t&w 
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mended, and the fear is expressed, tliat popular education 

lias been pushed too fur. 
The man who should, in tliis coiuitry, express a doubt 

whether the education of tlic people foreboded ill to the 
state, would merely be regarded as wanting common judg- 
ment and sagacity. We are not only accustomed to tliat 
state of tilings, but we regard it as our great blessing and 
privilege, to which tlic liigher orders in Europe look for- 
ward, as the fearful result of bloody revolutions. The rep- 
resentative system, and our statute of distributions, are re- 
garded by us, not as horrors consequent upon a convulsion 
of society, but as the natural condition of die body politic. 

This condition of tlie country, however, is not to be re- 
garded merely as a topic of lofty political declamation. Its 
best efkcts are, and must be, those which are not iimiiedi- 
ately of a political character. If the mass of the people 
behold no privileged class placed invidiously above diem ; 
if they choose diose who make and administer die laws ; 
if the extent of public expenditure is determined by diose 
who bear its burden, — this surely is well ; but if die mass 
of the people here were what it is in most parts of Europe, 
it may be doubted whether such a system would not be too 
good for them. Who would like to trust his life and for- 
tune to a Spanish jury or a Neapolitan jury ? Under die 
reign of Napoleon, an attempt was made to introduce the 
trial by jury, not only into France, but into some of die de- 
pendent kingdoms. It has been stated, diat when the 
peasants of some of these countries were impanneled in tlie 
jury-box, they not only considered il an eiLce^w^^ cso^sst- 
ous and iiksome duty, but showed tkems^Vj^^ \i\Xfi^ '>s 

8* 



EVERETT S KSSAY ON THE 

Capable of discharging il, with sufficient disci 
elligence. 

The great use, tbeu, to be made of popular rights sh 
be popular improvement. Let the young man, who 
gain his living by his labor and skill, retoember thai he 
citizen of a Iree state j that oa him and his coatemijot 
■depends, whether he will be happy and prosperous }are 
I in his social condition, and whether a precious inhertn 
of social blessings shall descend, uoimpaired, to those 
■come afler him ; that there is no important difference il 
Wtuation of individuals, but that which diey themselves cs 
or permit to exist ; that if something of that inequalil 
is of fortune, which is inseparable from hui 
xist in this country, it ought to be viewed onl 
another excitement to that industry, by wliich, ube ti 
Out often, wealtli is acquired ; and stiU more to that C 
•Vation of the mind, which, next to the moral cliare< 
Hakes the great diflerence between man and man. ' 
Deans are already ample and accessible ; and it is far' 
najority of the community, by a tax, of wliich the smi 
ipropottion fails. on themselves, to increase these mesni 
•ny desirable extent. 

These remarks apply with equal force to almost el 

individual. There are some considerations, which ai 

tfiemselvps more exclusively to the ardent mind en 

if the praise of excelling. Such cannot realize too 

bat we live in an age of improvement ; an age in wbicti 

Btigation is active and successful in every quarter 
t which what lias beei\ effected, \YO^NCvet 
f>ut the brilL'ant promise of whal ma^ ^ttrinw' 
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important discoveries, which have been made in almost eve- 
ry department of human occupation, speculative and prac- 
tical, within less than a century, are almost infinite. To 
speak only of those which minister most direcdy to the 
oonvenience of man — ^what changes have not been al- 
ready wrought in the condition of society, what addition 
has not been made to the wealth of nations, and the means 
of private comfort, by the inventions, discoveries and im- 
provements of the last hundred years ? High in importance 
among these are the increased facilities for transportation. 
By the use of the locomotive steam-engine upon a rail-road, 
passengers and merchandise may now be conveyed fix)m 
place to place, at the rate of fifteen and even twenty miles 
an hour. Although not to be compared with this, the plan 
of M'Adam is eminendy useful, consisting, as it does, of a 
method, by which a surface as hard as a rock can be carried 
along, over any foundation, at an expense not much greater, 
and, under some circumstances, not at all greater, than that of 
turnpike roads on the old construction. By the chemical 
process of bleaching, what was formerly done by exposure 
to the sun and air for weeks, is now done under cover, in 
a few days. By the machinery for separating the seed 
from the staple of. cotton, the value of every acre of land, 
devoted to the culture of this most important product, has, 
to say the least, been doubled. By the machineiy for 
carding, spinning and weaving cotton, the price of a yard 
of durable cotton cloth has been reduced from a half a dol- 
lar to a few cents. Lithography and stereotype printing 
are probably destined to have a very Sm^iKas^ ^s^^^'^^^ 
n enlarging the sphere of the operaUotvs oi ^e ^x^'SJs*. ^ 
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the invention of gas lights, an inflammable air, yielding the 
strongest and purest flame, is extracted in a laboratory, and 
conducted under ground all over a city, and brought up 
wherever it is required, in the street, in the shop, in the 
dwelling-house. The safety-lamp enables the miner to 
walk unharmed through an atmosphere of explosive gas. 
And, last and chiefest, tlie application of steam, as a general 
moving power, is rapidly extending its eflTects from one 
branch of industry to another, from one interest to another, of 
tlie community, and bids fair, within no distant period, to pro- 
duce the most essential changes in the social condition of the 
world. All these beautiful, surprising, and most useful dis- 
coveries and improvements, have been made witliin less 
than a century ; most of tliem widiin less than half that 
time. 

What must be the effect of tliis wonderful multii)lication 
of ingenious and useful^ discoveries and improvements? 
Undoubtedly ihts^ that, in addition to all their inmiediate 
beneficial consequences, they will lead to further discov- 
eries and still greater improvements. Of that vast system, 
which we call Nature, and of which none but its Autlior caa 
comprehend tlie whole, the laws and the properties, that have 
as yet been explored, unquestionably fonn but a' few parts 
connected with a grand succession of parts yet undiscovered, 
by an indissoluble although an unseen chain. Each new truth 
that is found out, besides its own significance and value, is a 
step to the knowledge of further truth, leading off tlie in- 
quisitive mind on a new track, and upon some higher path ; in 
die pursuit o/" which new discoveries are made, and the old 
brought into new and unexpeclciJL coi\tvcc\\atts. 
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The history of human science is a collection of facts, 
lich, while it proves the connection with each other of 
iths and arts, at first view remote and disconnected, en- 
urages us to scrutinize every department of knowledge, 
wever trite and familiar it may seem, with a view to dis- 
vering its relation with the laws and properties of nature, 
mprehended within it, but not yet disclosed. The indi- 
hial, who first noticed the attractive power of magnetic 
bstances, was gratified, no doubt, with observing a singular 
d inexplicable property of matter, which he may have 
plied to some experiments rather curious than useful, 
he man, who afterwards observed the tendency of a 
Bignetized body toward the poles of the earth, unfolded 
far more curious and important law of nature, but one 
lich, resting there, was productive of no practical consc- 
iences. Then came the sagacious, or most fortunate 
jrson, who, attaching the artificial magnet to a traversing 
rd, contrived the means of steering a vessel in the darkest 
ght across the high seas. To him we cannot suppose 
at the important consequences of his discovery were 
hoUy unperceived ; but since, in point of history, near two 
inturies passed away before they began to be developed, 
B can hardly suppose that the inventor of tiie mariner's 
»mpass caught more than a glimpse of the nature of his 
vention. The Chinese are supposed to have been ac- 
lainted with it, as also with the art of printing, fix)m time 
imeraorial, without having derived from either any of those 
suits, which have changed the aspect of modem Europe, 
hen came Columbus. Guided by iTae fei\feSM\.^^^Xn^^^ 
\tcbes when the eye of man drooi^s, — xSaft ^vsXvsoX \«»:^ 
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, whom darkness does not, blind, nor ihe s 
drive from his post, — Columbus discovered anew world?— 
a glorious dist-overy, as he, no doubt, felt it to be, both in 
anticipation and achievement. But it does not appeaT) that 
even Columbus had indulged a vision more brilliant tb 
that of a princely inheritance for his own family, and a ri 
colony for Spain ; — a vision fulfilled in his own poverty a 
chains, and in (he corrupuon snd degejieracy of the Spsnid 
monarchy. And yet, from bis discovery of Anaerica, fll 
disastrous to himself and countiy, have sprung, directJy (t 
indirectly, most of the great changes of tlie political, com; 
mercial and social condition of man in modem times. Il i( 
curious, also, lo reflect, that as the Chinese, from time iinmei 
morial, (as has just been remarked,) have possessed the j 
ner's compass and the art of printing, to little putpose ; 
they, or some people in their neigliborhood, oi 
eastern coast of Asia, cither with the aid of die compaa 
or merely by coasting from island to island, appear to hart 
made Ihe discovery of America, on the western side of lb< 
continent, a diousand years before it was discovered b] 
Columbus, on the eastern side, without, however, deriviu] 
from this discoveiy any beneficial consequences to the oN 
world or the new. It was left for the spirit of civiliza 
awakened in ivestem Europe toward the close of l 
fifteenth century, to devebpe, and put in action, the g 
elements of power and light, latent in this discovery, 
first effect was the establishment of the colonial i 
which, with the revolution in the financial state of Europe 
occasioned by the opening of the American mines, gave 
^pnlually, a new aspect lo both View\«^\\e^e^. What I 
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m total of all these consequences has been, may be 
rtly judged from the fact,' that the colonization of the 
sited States was but one of them. The further extension 
adventures of discovery was facilitated by new scientific in- 
ntions and improvements. The telescope was contrived, 
d, from the more accurately observed movements of 
3 heavenly bodies, tables of longitude were constructed, 
lich gave new confidence to the navigator. He now 
»its new shores, lying under diflferent climates, whose pro- 
ictions, transplanted to other regions, or introduced into 

2 commerce of the world, give new springs to industry, 
en new sources of wealth, and lead to the cultivation of 
w arts. It is unnecessary to dwell on particulars ; but 
ID can estimate the full effect on social affairs of such 
oducts as sugar, coffee, tea, rice, tobacco, the potato, 
tton, indigo, the spices, the dye-woods, the mineral and 
jsil substances, newly made to enter into general use and 
nsumption ; the discovery, transportation and preparation 

which are so many unforeseen effects of former discov- 
!es. Each of these, directly or indirecdy, furnished new 
iterials for mind to act upon ; new stimulus to its energies, 
ivigation, already extended, receives new facilities from 

3 use of the chronometer. The growing wealth of the 
mmunity increases the demand for all the fabrics of in- 
stry; the wonderful machinery for carding, spinning, 
d weaving, is contrived ; water and vapor are made to do 
J work of human hands, and almost of human in- 
lect ; as the cost of the fabric decreases, the demand fa^ 
nulliplies geometrically, and fumsViea e*xv ev^t-^ci^*vM^ 
rard for the exertions of the ever-active ^^\x\X <^^ >2K 
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provement. TIius a mechanical Invention may Icao to a 
geo<^raphLcal discovery ; a ])hysical cause to a political or an 
intellectual effect. A discovery results in an art ; an art 
produces a comfort; a com foil, made cheaply accessible, 
adds family on family to die population ; and a family b a 
new creation of thinking, reasoning, inventing and discov- 
ering hcings. Thus, instead of arriving at the end, we are 
at die beginning of the series, and rcTady to start, widi re- 
cruited ninnhers, on die great and beneficent career of 
useful knowledge. 

What, then, are these great and beneficial discoveries, ir 
their origin? Wliat is die process which has led to diemi 
They are die work of rational man, operating ujx)n ihf 
materials existing in nature, and ol)serving the laws anc 
|)rop(.M'tics of die physical world. The Creator of the uni* 
v(?rse has furnished us the iiialcrial ; it is all around ib 
above us, and beneath us ; in die ground under our feel 
the air we breathe ; die wat(?rs of the ocean and of lb 
fountains of the eardi ; in the various subjects of tin 
kingdoms of natun?. We cannot open our eyes, nor strelcl 
out our hands, nor take a step, hut we see, and handle 
and tread upon the things, from which tlie most wonderfu 
ami useful dij-coverios and invi-ntions have been deduced 
What is gunpowdi'r, which has changed the character o 
modern warfare? Il is the iiiechanical mixture of soin 
of the most common and lea.^l costly substances. What i 
tin* art of [)rinliiig ? A co:itri\Miice less curious, as a piec 
of mechanism, than a imisical box. What is Uic steam 
niirinr ? An apparatus for uy^yW'wvz, \\\e va\Kir of boilin 
wnmr, l\7i;il is vacciir.Uum^ :\ Vv\V\wvj; txvX^ cwmxvvxYivcsi^ 
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. by a scratch of the lancet, and capable of protecting human 
life against one of the most di-eadful maladies to which it 
is exposed. 

And are the properties of matter all discovered ? its laws 
aDfixind out? .die uses to which they may be applied all 
detected? I cannot believe it. Wc cannot doubt, that 
tnithi now unknown are in rcscr\'e, to reward the patience 
«nd the labors of future lovers of truth, which will go as far 
beyond the brilliant discoveries of the last generation, as these 
4) beycHid all that was known to the ancient world. The 
pages are infinite in tliat great volume, which was written by 
the hand divine, and tliey are to be gradually turned, perused, 
lod announced, to benefited and grateful generations, by 
genius and pauence ; and especially by patience ; by un- 
tiring, enthusiastic, self-devoting patience. Tlie progress 
^^h has been made in art nnd science is indeed vast. 
We are ready to think a pause must follow ; that the goal 
inust be at hand. But tliere is no goal ; and tlierc can be 
no pause ; for ait and science ai-e in tliemselves progres- 
five. They are moving powere, animated principles : 
Aey are instinct with life ; tliey aie themselves the intel- 

Jectuallife of man. Nothing can arrest them, which does 
not plunge the entire order of society into barbarism. There 
K no end to trutli, no bound to its discovery and applica- 
&tt; and a man might as well think to build a tower, from 
4e top of which he could grasp Sirius in his hand, as pre- 
^ctbe a limit to discovery and invention. 

Never do we more evince our arrogant ignorance, than 
^W we boast our knowledge. True Sciewe^ ^ xcsnfe^^ 

^ I^r keen, sagacious eye discerns \lvaX \i\et^ ^^ ^^^-^ 
9 
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undeveloped mysteries whejre the vain sciolist sees al 
plain. We call this an age of improvement, as it is. Brt 
the Italians, in the age of Leo X, and with great reason, said 
the same of their age ; the Romans, in the time of Cicero, 
the same of theirs ; the Greeks, m the time of Pericles, Ae 
same of theirs ; and the Assyrians and Egyptians, in the 
flourishing periods of tlieir ancient monarchies, the suBft 
of iheirs. In passmg from one of these periods to anodier, 
prodigious strides are often made ; and the vani^ of the 
present age is apt to flatter itself, that it has climbed to the 
very summit of invention and skill. A wiser posterity t 
length finds out, that the discovery of one truth, the inrefr 
tigation of one law of nature, the contrivance of one mar 
chine, the perfection of one art, instead of narrowing, has 
widened the field of knowledge still to be acquired, vsi 
given, to those who came after, an ampler space, moie 
numerous data, better instruments, a higher point of 
observation, and the encouragement of living and actio; 
in the presence of a more intelligent age. It is nol 
a century since the number of fixed stars \xus estimt- 
ted at about three thousand. Newton -had counted 
no more. When Dr. Herschel had completed his gre< 
telescope, and turned it to the heavens, he calculated tbn 
two hundred and fifty thousand stars passed through itt 
field in a quarter of an hour ! 

It may not irreverently be conjectured to be the haniM^ 

nious plan of llie univeree, diat its two grand elements of 

mind and matter should be accurately adjusted to each 

other; that there should be fuft occ\r^^\\OTv vci >3w& '^V^^'^jficii 

world, in Hs laws and propcvues, and \tv ^\e lOKyn^. « 
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9cial relaticms c(Hmected with it, for the contemplative and 
kctive powers of every created intellect. The imperfection 
if human institutions has, as far as man is concerned, dis- 
urbed the pure harmony of this great system. On the one 
laod, much truths discoverable even at the present stage of 
ifilDan improvement, as we have every reason to think, re- 
nains undiscovered. On the other hand, thousands and 
oiUions of rational minds, for want of education, opportu- 
lity and encouragement, have remained dormant and inac- 
ive, though surrounded on every side by those qualities of 
hings, whose action and combination, no.doubt, still conceal 
he sublimest and most beneficial mysteries. 

But a portion of tlie intellect, which has been placed on 
bis goodly theatre, is wisely, intently, and successfully ac- 
ive ; ripening, even on earth, into no mean similitude of high- 
er natures. From time to time, a chosen hand, sometimes 
iirected by chance, but more commonly guided by reflec- 
tion, experiment, and research, touches, as it were, a 
spring till then unperceived ; and, tlirough what seemed a 
blank and impenetrable wall, — ^the. barrier to all farther 
progress, — a door is thrown open into some before unex- 
plored hall in the sacred temple of truth. The multitude 
rushes in, and wonders that the portals could have remained 
concealed so long. When a brilliant discovery or invention 
is proclaimed, men are astonished to think how long they 
had lived on its confines, without penetrating its nature. 

It is now a hundred yeai's since it was found out that 
the vapor of boiling water is, as we now think it, the most 
poweriuJ mechanical agent within the coxvXxcX q!1 \oasv, 
indyet, even after the contrivance ot the ^\ft^acav^\v#i» ^ 
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a most improved construction, and although the thoagfats 
of numerous ingenious mechanicians were turned to flie 
subject, and various experiments made, it was left for our 
fellow citizen Fulton, in a successfiil application of diis 
agent, as brilliant as its first discovery, to produce another 
engine,-— the steamboat,— of incalculable utility and power. 
The entire consequences of this discovery cannot yet be pre- 
dicted ; but there is one prediction relative to it, and that 
among the first ever made, which has been most calami- 
tously fulfilled. When the interests of Mr. Fulton, under 
the laws of New York, were maintained by Mr. Emmet at 
the bar of the legislature of that state, at the close of his ar- 
gument, he turned to his client, in an affecting apostrophe. 
After commending the disinterestedness with which he de- 
voted his time, talents and knowledge to enterprises and 
works of public utility, to the mjuiy of his private fortunes, 
he added : " Let me remind you, however, that you have 
otlier and closer ties. I know the pain I am about to give, 
and I see. tlie tears I make you shed. But by that love I 
speak, — ^by that love, which, like the light of heaven, is re- 
fracted in rays of different strength, upon your wife and 
children, which, when collected and combined, forms the 
sunshine of your soul ; — by that love I do adjure )rou, pro- 
vide in time for those dearest objects of your care. Think 
not I would instil into your mind a mean or sordid feeling ; 
but now, tliat weahh is passing tlirough your hands, let me 
entreat you to hoard it while you have it." And then, after 
sketching the dangers which threatened his interests as 
guarantied hy the laws of tl\e slale, Mi, Emmet propheti- 
cally added : " Yes, my friend, m^ \\e«tV\^<eeA&N^tS«\\«» 
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it, but I have fearful forebodbgs, that you may hereafter 
find in public faith a broken staff for your support, and re- 
ceive fiom public gratitude a broken heart for your reward." 
From the time this prediction was uttered, the stupendous 
consequences of the invention of Fulton have been, every 
day, more and more amply developed. It has brought in- 
to convenient neighborhood witli each otlier some of the 
remotest setdements on the waters of the United States. 
It has made the Mississippi navigable up stream as well as 
down, (which it hardly was before,) incredibly accelerating, 
in time of peace, the settlement of its mighty valley, and 
making it henceforth invulnerable in time of war. It has 
added beyond all estimate to the value of the time, and to 
the amoimt of the capital, of a large portion of the popula- 
tion of the country ; and, without impairing the importance 
of these benefits to America, has as signally imparted them, 
or similar benefits, to Europe, and the rest of the civilized 
world. While these grand developements of the char- 
acter of Fulton's invention have been taking place, the life, 
the estate, the family of the great inventor, have, one after 
another, been sacrificed and crushed. Within a few 
months after the eloquent appeal just recited was made, 
Fulton actually died of disease contracted by exposure in 
the gratuitous sei-vice of the public. In a few years, a de- 
cision of the supreme court of the United States scattered 
the remains of his property to tlie winds ; and twice or 
thrice, since that period, has an appeal been made to Con- 
gress, on behalf of his orphan children, for such a pro- 
vision as would spar£? tliem from the akett^aixN^ ^l Oc«£>^c^ 
or starvation — and has been made in va\w. 

D * 
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But it is time to return to the facts with which I was il- 
lustrating the wonderful advances made, fix>m time to dme, 
in the cultivation or application of the most familiar am. 
As far hack as human history runs, the use of the distaff 
and loom is known ; but it is not yet one hundred yean 
since Sir Richard Arkwright was bom ; the poor journey- 
man barber, the youngest of thirteen children, who began 
and perfected the most important improvements in the ma- 
chinery for manufacturing cotton, which (as has been stated 
on the most respectable English authority) " bore the Eng- 
lish nation triumphantly through the wars of the French 
revolution," and are unquestionably of greater value to ba 
than all her colonies, from Hindostan to Labrador. 

The ocean which lies between America and Europe may 
be crossed in a fortnight ; but after the fleets of Tyre, of 
Carthage, of Rome, and of tlie maritime powers of the mid- 
dle ages, had been, for thousands of years, accustomed to 
navigate the sea, it was reserved for a poor Genoese pik)t, 
begging his way from court to court, and by the simple pro- 
cess of sailing on one course as long as he had water to 
float his ship, to discover a new world. 

Our geographical knowledge shows us that we do not, 
like so many generations of our predecessors, live within the 
reach of other undiscovered continents ; but we do un- 
questionably live, act, and speculate, within the reach of 
properties and powers of things, wliose discovery and appli- 
cation (when they take place) will cflect changes in soci- 
ety, as great as those produced by the magnet, the discove- 
ry of America, the art of printing, ov the steamboat. We 
f/o doubtless live within tlie reac\\ oi utvd[\scovexe^ vi^3»^^ 
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of science, art, and improvement. No royal permission is 

m 

requisite to launch forth on the broad sea of discovery that 
surrounds us, — most full of novelty where most explored, — 
and it may yet be reserved for tlie modest and secluded 
lover of truth and votary of science, in the solitude of his 
humble researches, to lay open such laws of matter, as will 
a&ct the condition of the civilized world. 

This, then, is the encouragement wc have to engage in 
any well conceived enterpri3e for die difiusion of useful 
knowledge and the extension of general improvement. 
Wherever there is a human mind iK)ssessed of the common 
faculties, and placed in a body organized with tlie common 
senses, there is an active, intelligent being, competent, wiUi 
proper cultivation, to tlie discovery of the highest tnidis, in 
the natural, the social, and die political world. It is sus- 
ceptible of demonstradon, — if demonstration w^ere necessa- 
ry, — that the number of useful and distinguished men, 
which are to benefit and adorn society around us, will be 
exacdy proportioned, upon die whole, to die means and en- 
couragements to improvement exisdng in die community ; 
and every thing, wliich multiplies these means and encour- 
agements, tends, in die same propordon, to the multiplica- 
tion of inventions and discoveries useful and honorable to 
man. TTie mind, although it does not stand in need of high 
culture, to the attainment of great excellence, does yet 
stand in need of some culture, and cannot thrive and act 
without it. When it is once awakened, and inspired v^dth 
a consciousness of its own powers, and nourished into vigor 
by the intercourse of kindred minds, either througji books 
or living converse, it does not disdain, buliX. weefti^ xnrX^ W- 
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ther extraneous aid. It ceases to be a pupil ; it sets up for 
itself; it becomes a master of truth, and goes fearlessly on- 
ward, sounding its way, through the darkest regions of 
investigation. But it is almost indispensable, that, in some 
way or other, the elements of truth should be imparted from 
kindred minds ; and if these are wholly withheld, the intd- 
lect, which, if properly cultivated, might have soared with 
Newton to the boundaries of the comet's orbit, is chained 
down to the wants and imperfections of mere physical life, 
unconscious of its own capacities, and unable to fulfil its 
higher destmy. 

Contemplate, at this season of the year, one of the mag- 
nificent oak trees of the forest, covered with thousands and 
thousands of acorns. There is not one of those acoms 
that does not carry within itself the germ of a perfect oak, as 
lofty and as wide-spreading as the parent stock ; which does 
not enfold the rudiments of a tree that would strike its roots 
in the soil, and lift its branches toward the heavens, and brave 
the storms of a hundred winters. It needs for this but a 
handful of soil, to receive the acorn as it falls, a little moisture 
to nourish it, and protection from violence till the root is 
struck. It needs but these ; and tliese it does need, and 
these it must have ; and for want of them, trifling as they 
seem, tliere is not one out of a thousand of those innu- 
merable acorns, .which is destined to become a tree. 

Look abroad through tlie cities, the towns, the viUag^ 

of our beloved country, and think of what materials their 

population, in many parts already dense, and every where 

rapidly grou'ing, is, for the most p^it, made up. It is not 

hfelcss enginery f it is not ammaled \IvaG\!LVCv^^,\X\^\«^\sw^fc 
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beasts, trained to subdue the earth : it is rational, intellec- 
tual beings. There is not a mind, of the hundreds of 
thousands in oiu: community, that is not capable of making 
large progress in usefiil knowledge ; and no one can pre- 
sume to tell or limit the number of those who are ^ed 
with all the talent required for the noblest discoveries. 
They have naturaUy all the senses and all the faculties — 
I do not say in as high a degree, but who shall say in no 
degree ? — possessed by Newton, or Franklin, or Fulton. 
It is but a little which is wanted to awaken every one of 
these minds to the conscious possession and the active ex- 
ercise of its wonderful powers. But this little, generally 
speaking, is indispensable. How much more wonderful 
an instrument is an eye than a telescope ! Providence has 
fimushed this eye ; but art must contribute the telescope, 
or the wonders of the heavens remain unnoticed ; and it 
is fiir want of the little, that human means must add to 
the wonderful capacity for improvement bom in man, that 
by fiu: the greatest part of the intellect, innate in our race, 
perishes undeveloped and unknown. When an acorn falls 
upon an unfavorable spot, and decays there, we know the 
extent of the loss ; — it is that of a tree, like the one from 
which it fell ; — but when the intellect of a rational being, for 
3d:- want of culture, is lost to the great ends for which it was 
I created, it is a loss which no one can measure, either for 
w 6pe or for eternity. 
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Man is by nature an active being. He is made to kbar. 
His whole organization — mental and physical — is that of t 
hard-working 4)emg. Of his mental powers we have no 
conception, but as certain capacities of intellectual acdoo. 
His corporeal faculties are contrived for the same end, with 
astonishing variety of adaptation. — ^Who can look only it 
the muscles of the hand, and doubt that man was made to 
work ? Who can be conscious of judgment, memory, wai 
reflection, and doubt that man was made to act ? He re- 
quires rest, but it is in order to invigorate him for new ef- 
forts ; — ^to recruit his exhausted powers ; and as if to sixyv 
liim, by the very nature of rest, that it is Means, not End >— 
that form of rest, which is most essential and most gratefiilf 
sleep, is attended witli the temporary suspension of the cod- 
scious and active powers. Nature is so ordered as both to 
require and encourage man to work. — ^He is created wkb 
wants, which cannot be satisfied without labor ; at the same 
time, tliat ample provision is made by Providence, to satisfy 
/Jwm, with labor. — ^The plant spnn^s w\> ;\x\^ ^grar^^^Athe 
*fpot, where tlie seed was cast by «LCC\Aeiv\.- \v\& Sk^Vj^ 
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moLStare, which saturates the earth or is held suspended in 
the air ; and it brings with it a sufficient covering to protect 
its delicate internal structure. It toils not, neither doth it 
spin, for clothing or food. — ^But man is so created, that, let 
his wants be as simple as they will, he must labor to supply 
them. If, as is supposed to have been the case in primitive 
ages, he lives upon acorns and water, he must draw the 
water from the spring ; ^d in many places he must dig a 
well in the soil ; and he must gather the acorns from beneath 
the oak, and lay up a store of them for winter. — He must, 
in most climates, contrive himself some kind of clothing of 
barks or skins ; must constiiict some rude shelter ; prepare 
some kind of bed, and keep up a fire. — ^In short, it is well 
known^ that those tribes of our race, which are the least ad- 
vanced in civilization, and whose wants are the fewest, have 
to labor the hardest for their support ; but at the same time 
it is equally true, that in the most civilized countries, by far 
tlie greatest amount and variety of work are done ; so that 
the improvement, which takes place in the condition of man, 
consists, not in diminishing the amount of labor performed, 
but in enabling men to work more, or more efficiendy, in the 
same time. — A horde of savages will pass a week in the 
most laborious kinds of hunting ; following the chase day 
after day; their women, if in company with them, 
carrying their tents and their' infant children on their 
backs ; and all be worn down by fatigue and famine ; and 
in the end they will perhaps kill a buffalo. The same num- 
ber of civilized men and women would ijto\i^Vj^cscL^^sN.^kS- 
erage, have kept more steadily at wotVl, va. ^€\x n^svr^; 
trades and occupations, but witliTtmcVv \ess ei^v^MS^vo^S ' 
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the products of their industry would have been vastly gr 
er;*or, what is the same thing, much more work m 
have been done. 

It is true, as man rises in improvement, he would be < 
bled by his arts and machinery, to satisfy the primary w 
of life, widi les^ labor ; and this may be thought to shov 
first glance, that man was not intended to be a worl 
being ; ' because, in proportion as he advances in kaffn 
ment, less work would be required to get a mere livelQu 
But here w6 see a curious provision of nature. In pro 
tion as our bare natural wants are satisfied, artificial want 
civilized waijts, show themselves. And in the very big 
state of improvement, it requires as constant an exertion to 
isfy the new wants, which grow out of the habits and taste 
civilized life, as it requires in savage life, to satisfy hunger 
thirst, and keep from freezing. In other words, the innate 
sire of improving our condition keeps us all in a state of v 
We cannot be so well off that we do not feel obliged to vi 
either to ensure the continuance of what we now have, i 
increase it. — The man, whose honest industry just § 
him a competence, exerts himself, that he may have sc 
thing against a rainy day ; — and how often do we not 1 
an affectionate fatlier say, he is determined to spare 
pains, — ^to work in season and out of season, — ^in order 
his children may enjoy advantages denied to himself. 

In this way, it is pretty plain, that Man, whether vie 

in his primitive and savage state, or in a highly impn 

condition, is a working being. It is his destiny — the 

of his nature — to labor. He Vs m^de fet vl^ — and hexsa 

-//re without it ; and the Apostle P^xA svMom^^ vsc^ ^^ 
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ter, with equal correctness and point, when he said, that ** if 
any would not work, neither should he eat." 

It is a good test of principles like these, to bring them to 
the standard of general approbation or disapprobation. 
There are, in all countries, too many persons, who, fix)m mis- 
taken ideas of the nature of happiness, or other less reputable 
causes, pass their time in idleness, or in indolent pleasures ; 
but I believe no state of society ever existed, in which die ener- 
gy aad capacity of labor were not commended and admired, 
or in which a taste for indolent pleasure was commended or 
admired by the intelligent part of the community. When 
we read the lives of distinguished men, in any depart- 
ment, we find them almost always celebrated for the amount 
of labor they could perform. Demosthenes, Julius Csesar, 
Henry the Fourth of France, Lord Bacon, Sir Isaac New- 
ton, Franklin, Washington, Napoleon, — different as they 
were in their intellectual and moral qualities, — ^were all re- 
nowned as hard-workers. We read how many days they 
could support the fatigues of a march ; how early they rose, 
how late they watched ; how many hours they spent in the 
field, in the cabinet, in the court ; how many secretaries they 
kept employed ; in short, how hard they worked. But 
who ever heard of its being said of a man in commendation, 
that he could sleep fifteen hours out of the twenty-four, that 
he could eat six meals a day, and that he never got tired 
of his easy-chair ? 

It would be curious to estimate, by any safe standard,^ the 
amount in value of the work of all kinds done in a commu- 
nity. This, of course, cannot be done vnfic^ «S!!C^ ^ps^x. ^r,- 

lurncy. The pursuits of men are so vmoxya, ^2sv\%Ri ^ 
10 
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ferent- kinds of labor pertbrmed are so difierent in the Tabe 
of their products, that it is scarcely possible to bring dK 
afi:£resate to anv scale of calculation. If we would fan 
a kind of general jud^ent of the value of the labor of i 
conimunit}', we must look about us. All the improveman, 
which we behold, on the face of tlie earth ; all the buiUiiip 
of every kind ia town and countr}' ; all the vehicles employ- 
ed on the land and water ; the roads, the canals, the whufcy 
the bridges ; all die property of all kinds, which is accumu- 
lated throughout the world ; and all that is consumed, fron 
day to day and from hour to hour, to support those ^ 
live upon it, — all this is the product of labor ; and a pn^- 
tionate share is the product of the labor of each generatioD. 
— It is plain that this comprehensive view is one, that would 
admit of being carried out into an in6nit}' of details, which 
would furnish the materials rather for a folio than a lecture. 
But as it is the taste of die present day, to bring every thine 
down to the standard of figures, I will suggest a calculatioO} 
which will enable us to judge of the value of the labor per- 
formed in the community in which we live. — ^Take the 
population of Massachusetts, for the sake of round number, 
at 600,000 souls. I presume it will not be thought extrav- 
agant to assume, that one in six performs every day a good 
day's work, or its equivalent. If we allow nothing for the 
labor of five out of six, (and this certainly will cover the 
cases of those too young and too old to do any work, or 
wlio can do only a part of a day's work,) and if we also al- 
low nothing* for those whose time is worth more than iha: 
of the day-laborer, we may safely assume, that the sixth per- 
son performs daily a vigorous eiT\c\cT\X ^^^^s 'wotV ^^ Vw^, 
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or mind, by hand or with tools, or partly with each, and that 
tins day's work is worth one dollar. This wHl give us one 
hundred thousand dollars a day, as tlie value of the work 
done in the state of Massachusetts. I have no doubt that 
it is a good deal more, — ^for this would be very little more 
than it costs the population - to support itself, and alk)\^'s 
scarce any thing for accumulation, a good deal of which is 
constantly taking place. It will, however, show sufficiendy 
the great amount of die labor done in this State, to take it as 
coming up, at least, to one hundred thousand dollars per day. 
I have thus far laid down two propositions : — 
First, that man is, by his nature, a working being ; and 
second, that the daily value of liis work, estimated merely 
in money, is immensely great, in any civilized community. 
I have made tliese preliminary remarks, as an introduc- 
tioQ to some observations, which I propose to submit, in the 
ranainder of this lecture, on the subject of ^' a working 
men's party." — ^Towards tlie organization of such a party, 
steps have been taken in various parts of the country. It 
is probable, that a great diversity of \news exists, among 
those who have occupied themselves upon the subject, in 
di&rent places. This circumstance, and the novelty of the 
subject in some of its aspects, and its importance in all, have 
led me to think, that we might pass an hour profitably, in its 
contemplation. 

I will observe upon it, in the first place, then, that if , as I 
have endeavored to show, man is by nature a working being, 
it would follow, that a working men's party is founded in 
the very principles of our nature. — ^Most parties may be cocl- 
sidered as artiBcial in their very essence •, ixvaa^ ^T^^S5s:,'A. 
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temporary aad persoDal. What will the Adams, or the 
Jackson, or the Clay party be, a hundred years hence i 
What are they now, in nine-tenths of the habitable globe! 
Mere non-entities. — ^But the working men's party, £iowevet 
organized, is one that must subsist, in every civiliied 
country, to the end of time. In other words, its first prind' 
pies are laid in our natwes. 

It secondly follows, from what I have remarked above, 
that the workmg men's party concerns a vast amount d 
property, in which almost every man is interested ; and in 
this respect, it differs from all controversies and parties, 
which end merely in speculation, or which end in the pe^ 
sonal advancement and gratification of a few individuab 

The next question, that presents itself, is. What is the geep 
eral object of a working men's party ? I do not now meaO] 
what are the immediate steps, which such a party proposei 
to take ; but what is the main object and end, which i 
would secure. To diis I suppose I may safely answefi 
that it is not to carry this or that political election ; not to 
elevate this or that candidate for ofiice, but to promote the 
prosperity and welfare of working men ; that is, to secure 
to every man disposed to work, the greatest freedom in the 
choice of his pursuit, the greatest encouragement and aid in 
pursuing it, the greatest security in enjoying its fruits ^— i> 
other words, to make work, in the greatest possible degree, 
produce happiness. 

The next mquiry seems to be, Who belong to tlie wak- 
ing men's party. ? The general answer here is obvious,— 
AH who do the work, or are actually willing and desirous 
to do itf and prevented only by «iiso\M\e vcsahiLity^ such « 
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ackoeas or natural infirmity. Liet us try the correctness of 
dus view, by seeing whom it would exclude and whom it 
would include. 

This rule, in the first place, would exclude all bad men ; 
that is, those who may work indeed, but who work for im- 
moral and unlawful ends. This is a very important distinction, 
and, if practically applied and vigorously enforced, it would 
make the working men's party the purest society that ever 
existed since the time of the primitive Christians. It is 
gready to be feared, that scarce any of the parties, tliat di- 
vide the community, are sufficiently jealous on this point ; 
ud for the natural reason, that it does not lie in the very 
nature of the parties. — ^Thus, at the polls, the vote of one 
man is as good as the vote of another. The vote of die 
dninkard counts one ; the vote of the temperate nlan counts 
hu one. For this reason, the mere party politician, if he 
; can secure the vote, is apt not to be \ery inquisitive about 
■ the temperance of the voter. He may even prefer the in- 
temperate to the temperate ; for to persuade the temperate 
iwn to vote with him, he must give him a good reason ; — 
die other will do it for a good drink. 

But the true principles of the working men's party require, 
Oot merely that a man should work, but that he should work 
in an honest way and for a lawful object. The man, who 
Ikiakes counterfeit money, probably works harder than the 
honest engraver, who prepai-es the bills, for those authorized 
by law to issue them. But he would be repelled widi scorn, 
tf he presented himself as a member of die working men's 
{Kurty. The thief, who passes his life, and ^viva^ ^-wt^vOsN^^^ 

ptecarious subsistence, by midnight trespasser otv\v\s> tv^v^- 
10* 
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bci's grounds ; by stealing horses from the stall, and irool 
from thd pile ; by \\Tenching bars and bolts at night, or pid- 
ing pockets in a crowd, probably works harder, (takuf o- 
(ci-tdinty and anxiety into the calculation, and adding, v 
the usual consequence, four or five years in tlie compiilaoij 
service of tlie State,) than the average of men puisoag 
lionest industry, even of the most laborious land : but Hi 
hard work would not entitle him to be regarded as a mem- 
ber of the working men's party. 

If it be inquired, who is to be the judge, what kind of 
work is not only no title, but an absolute disqualifkatkn b 
a(]mis5;ion to the working men's party, on the score of fr 
honesty, we answer, that for all practical purposes, this mas 
be left to the law of the land. It is true, that under cow 
and within the pale of the law, a man may do tWnr 
morally dishonest, and such as ought to shut liim out of the 
])arty. But experience has shown, that it is dangerous to 
institute an inquisition into the motives of individuals ; u' 
so long as a man docs nothing which the law forbids,-HD 
a country where the people make the laws, — ^lie ought, if 
nol otlierwise disqualified, to be admitted as a member of tbr 
parly. 

There ought, however, perhaps, to be two exceptions w 
llii> ])rinclple ; one, the case of those who pursue habitually 
;i course of life, which, though contrary to law, is not usuaU!* 
jiunlshed by the law, such a.> persons habitually intemper- 
ate. It is plain, that these men ouglit not to be allowed to 
art with the party, because they would always be liable, by 
/7 I'diy slight temptation, lo \>e m^^e \o ^sjcx. \w a vauaaa 
hoii* 'Ic to jtri interests ; and V^cqlw^ VV^^^' «^ V^kaaaSt.' 
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m a state of incapacity to do any intellit^ent and ra- 
tional act. 

The other exception ougiit to be of men who take ad- 
nmtage of the law to suliserve their o\\7i selfish and nialij;- 
nant passions. This is doiio in vaiious ways, but I will ul- 
hide to but one. The law puts it in the jwwer of the cred- 
itor, not merely to seize tlie property of the debtor, in pay- 
ment of the debt, but to consider every case of inability as 
a case of fi^udulent concealment, and to pun'ish it, as such, 
by imprisonment. This is often done in a way to inflict llie 
greatest possible pain, and in cases in which not only no 
advantage but additional cost accmes to the creditor. A 
man who thus takes the advantage of the law, to wxeak upon 
others his malignant passions, ought to be excluded, not 
merelf from the working men's party, but from the pale of 
dvQized society. 

The next question regards idlers. If we exclude from 
the working men's party all dishonest and immoral workers, 
what are we to say to the case of the idlers ? — ^In general 
teims, the answer to this question is plain ; they too must 
be excluded. With what pretence of reason can an idler 
ask to be admitted into the association of working men, un- 
less be is willing to qualify himself by going to work ? and 
then he ceases to be an idler. In fact, the man who idles 
away his time, acts against the law of his nature, as a work- 
ing being. It must be observed, however, that there are few 
cases where a man is merely an idler. In almost every 
case, he must be sometliing worse, — such as a spendthrift.^ 
t gamestei> or an intemperate person , a \wA. ^ic«\, %. \».^ 
hisbandy and a bad &tlicr. If there ate aivy \^et?.o\NS» ^^- 
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pendent on hini for support ; if he idles away the time which 
he ought to devote to maintaining his wife, or his children, 
or his aged parents, he then hecomes a rohber ; a man that 
steals the bread out of the moutlis of lus own fiunily, and 
the clothes off their backs ; and he is as much more crimimd 
than the common highway robber, who takes the strangei^ 
purse on the tumpike, as the ties of duty to our parents 
and children are beyond those of common justice between roan 
and man. But I suppose it would not require much argument 
to show, that the person, who leaves to want those whom 
he ought to support, even if he does not pass his idle houn 
m any criminal pursuit, has no right to call himself a woifc- 
ing man. 

There is a third class of men, whose case deserves coo 
sideration, and who are commonly called busy-bodies*— 
They are as different from real working men, as light is 
from darkness. They cannot be called idlers, for they aw 
never at rest ; nor yet workers, for they pursue no honest, 
creditable employment. So long as they are merely bus^ 
bodies; and are prompted in their officious, fluttering, un- 
productive activity, by no bad motive and no malignant pa^ 
sion, they cannot, perhaps, be excluded from the party, 
though they have really no claim to be admitted into it 
But here, too, the case of a mere busy-body scarce enf 
occurs. This character is almost always something mow; 
a dangerous gossip, a tattling mischief-maker, a propagator, 
too frequently an inventor of slander. He repeats at ona 
fireside, with additions, what he heard at another, under lh 
implied obligation of con&dei[\ce \ Vv^ Sa wsc^scmsbIy in lb 
£x>nt rank of all uneasy and mcot\s\dewX»TOsw«TO«cte^i9Bi 
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endied behind his neighbor, whom he pushes into 
hie ; and he is very fond of writing anonymous libels in 
newspapeis^ on men of whom he knouts nothing. Sudi 
t— and there are too many of them— ought to be ex- 
led from the party. 

Ehutting out, then, all who work dishonestly, and all who 
IOC work at all, and admitting the busy-bodies with great 
ioD^ the working men's party comprehends all those by 
m the work of the community is really done ; — all diose 
I, by any kind of honest industry, employ the talent 
ch their Creator has given them. All these form one 
tC party, one comprehensive society, and this by the very 
of our nature. Man is not only, as I observed in the 
nmag, a working being ; but he is a being formed to 
k in society ; and if the matter be careiiilly analysed, it 
be fiiund, that civilization, that is, the bringing men out 
I savage into a cultivated state, consbts in multipljring 
number of pursuits and occupations : so that the most 
bet society is one where the largest number of persons 
prosperously employed, in the greatest variety of ways, 
uch a society, men help each other, instead of standing 
Bcb other's way. The farther this division of labor is 
ied, the more persons must unite, harmoniously, to e£^t 
common ends. The laj^r the number, on which each 
ends, the larger the number to which each is usefiil. , 
TioB unicm of different kinds of workmen in one haimo- 
» society seems to be laid in the very structure and or- 
Ization of man. Man is a being consisting of a body 
a soul. These words are soon uttered, and \ki^'^ ^s^ 
fe» uttered, that the mighty truth, wVic\v Ss excJotas:,^^ 
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in them, scaice ever engages our attention. — ^But man is 
composed of body and soul. What is body ? It is mate- 
rial substance ; it is clay, dust, ashes. Look at it, as yoa 
tread it unorganized beneath your feet; contemplate it, 
when, after having been organized and animated, it is, bf 
a process of corruption, returning to its original state. Mat- 
ter, in its appearance to us, is an unorganized, inanimate, 
cold, dull, and barren thing. What it is in its essence, do 
one but the Being who created it knows. The faumBD 
mind can conceive of it only as the absolute negadon of 
qualities. And we say, that the body of man is fisnned of 
the clay or dust ; because these substances seem to us to 
make the nearest approach to the total privation of all the 
properties of intellect. Such is the body of man.— What b 
his soul? — ^Its essence is as little known to us as that of 
body ; but its qualities are angelic, divine. It is soul, which 
thinks, reasons, invents, remembers, hopes, and loves. It 
is the soul which lives ; for when the soul departs fiom the 
body, all its vital powers cease ; and it is dead ; — and wfait 
is the body then ? 

Now the fact, to which I wish to call yoiur attention, i«, 
that these two elements, one of which is akin to the poorest - 
dust on which we tread, and the other of which b of the nt- ' 
ture of angeUc and even of divine intelligence, are, in eveiy , 
human being, witliout exception, brought into a most intimate ' 
and perfect union. We can conceive, that it might have ! 
been different. God could have created matter by itself j 
and mind by itself. We believe in the existence of incor- 
poreal beings of a nature \\\^\et lYvaxv voasi\ and we behoH 1 
beneath us in brutes, plants, axxA 9k\«Qfta> NWRwa «fts»4' 



Everett's lecture. 119 

amterial nature, rising, one above another, in or^inization ; 
imt none of them (as we suppose) possessing mind. — ^We 
yan imagine a world so constituted, that all the intellect would 
lave been by itself, pure and disembodied ; and all the ma- 
srial substance by itself unmixed with mind ; and acted upon 
yy mind, as inferior beings are supposed to be acted upon 
jy angels. But m constituting our race, it pleased the Cre- 
itor to bring the two elements into the closest union ; to 
lake tlie body from the dust ; the soul from the highest 
seaven ; and mould them into one. 

The consequence is, that the humblest laborer, who works 
erith his hands, possesses within him a soul, endowed with 
precisely the same faculties as those which in Franklin, m 
Newton, or Shakspeare, have been the light and the wonder 
of the worid ; and on the other hand, the most gifted and 
ethereal genius, whose mind has fadiomed the depths of the 
heavens and comprehended the whole circle of truth, is en- 
closed in a body, subject to tiie same passions, infirmities, 
and wants, as the man wliose life knows no alternation but 
labor and rest, appetite and indulgence. 

Md it stop here, it would be merely an astonishing fact 
in the constitution of our natures ; — ^but it does not stop 
here. In consequence of the union of the two principles in 
the human firame, every act, that a man performs, requires 
the agency both of body and mind. His mmd cannot see, 
bat through the optic eye-glass ; nor hear till the drum of 
his ear is affected by the vibrations of the adr. If he would 
speak, he puts in action die complex machinery of the 'vor- 
cal agans; if he writes, he employs tlie tmi^viXfti ^^^e\si 
fftbe bands; nor can he even perform l\\e o^x«JctfS©Si ^ 
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pure thought, except in a healthy state of the body. A fie 
of the tooth-ache, proceeding finom the irritatioD of a nene 
about as big as a cambric-thread, is enough to drive an oa- 
derstanding, capable of instructing the world, to the vefge 
of insanity. On the other hand, there is no (^ration of 
manual labor so ^mple, so mechanical, which does not re- 
quire the exercise of perception, refiectioD, memory, and 
judgment; the same intellectual powers, by which the 
highest tmths of science have been discovered imd illus- 
trated. 

The degree to which any particular action (or series of 
actions united into a pursuit) shall exercise the intellectuil 
powers, on the one hand, or the mechanical powers on 
the other, of course, depends on the nature of that action. { 
The slave whose life from childhood to the grave is passed 
in the field ; the New Zealander who goes to war, when he 
is hungry, devours his prisoners, and leads a life of cannibal 
debauch till he has consimied them all, and then goes to 
war again ; the Greenlander, who warms himself with the 
fragments of wrecks and drift-wood thrown upon the Na- 
ders, and feeds himself with blubber ; seem all to lead lives 
requiring but little intellectual action ; and yet, as I have 
remarked, a careful reflection would show that there b not 
one, even of them, who does not, every moment of his life, 
call into exercise, though in an humble degree, all the pow- 
ers of the mind. In like manner, the philosopher who shuts 
himself up in his cell, and leads a contemplative existence, 
among books or instruments of science, seems to have no 
occasion to employ, in their ordmary enLetc^ae^xcvaxv^ ^^Sm^ 
capacities of his nature for physicaV ac\!\OTv\ — <a\idM2Kv^ \tK 
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also, as I have observed, cannot act, or even think, but with 
ihe aid of his body. 

Thb is unquestionably true. The same Creator who 
made man a mixed beii^, composed of body and soul, 
having designed him for such a world as that in which we 
live, has so constituted the world, and man who inhabits it, 
as to 9&xd scope for great variety of occupations, pursuits, 
and conditicHis, arising from the tastes, characters, habits, 
virtues, and even vices, of men and communities. For th(! 
same reason, that — ^diough all men are alike composed of 
body and soul, yet no two men probably are exacdy the 
same in respect to either ; — so provision has been made, by 
the Author of our being, for an infinity of pursuits and em- 
ployments, calling out, in degrees as various, the peculiar 
powers of both principles. 

But I have already endeavored to show, that there is no 
pursuit and no action that does not require the united opera- 
ticm of both ; and this of itself is a broad natural foundation 
for the union into one interest of all, in the same community, 
who are employed in honest work of any kind ; viz. that, 
however various their occupations, they are all working with 
the same instruments ; the oi^ans of the body and the pow- 
ers of the mind. 

But we may go a step farther, to remark the beautifiil 

process, by which Providence has so interlaced and wrought 

up together the pursuits, interests, and wants of our nature, 

that the philosopher, whose home seems less on earth than 

among the stars, requires, for the prosecution of his studvs&^ 

the aid of numerous artificers in various \3raivOAe.<& ol TCki^xScffis^ 

cal industry; and, in return, furnishes xYve xftiaaXYCK^^' 
11 
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facilities to the humblest branches of manual labor. Let as 
take, as a single instance, that of astroncufnlcal science. It 
may be safely said, that the wonderful discoveries of modefn | 
astronomy, and the philosophical system depending upon I 
them, could not have existed, but for the telescope. The 
want of the telescope kept astronomical science in its infim- 
cy among the ancients. Although Pythagoras, one of the 
earliest Greek pliilosophers, by a fortunate exercise of sa- 
gacity, conceived the elements of the Copemican system, 
yet we find no general and practical improvement resuhing 
from it. It was only from tlie period of the discoveries, 
made by the telescope, that the science advanced, with sure 
and rapid progress. Now the astronomer does not make 
telescopes. I presume it would be impossible for a person, 
who employed in the abstract study of astit)nomical science 
time enough to comprehend its profound investigations, to 
learn and practise the trade of making glass. It is men- 
tioned, as a remarkable versatility of talent in one or two 
eminent observers, that they have superintended the cutting 
and jx)lishing of the glasses of their own telescopes. But 
I presume if there never had been a telescope, till some 
scientific astronomer had learned to mix, melt, and mould 
glass, such a thing would never have been heard of. It b 
not less true, that those employed in making the glass could 
not, in the nature of things, be expected to acquire the sci- 
entific knowledge, requisite for carrying on those arduous 
calculations, applied to bring into a system the discoveries 
made by the magnifying power of the telescope. I might 
extend the same remark to the othet wveXefvcJft,^ vi\fic^% 
P^Jescope consists. It cannot be vxseA xo «a^ \fvMV»ft ^ 
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nice observation^ without being very carefully noounted, on 
a frame of strong metal ; which demands the united labors 
of the mathematical instrument-maker and the brass-found- 
er. Here then, in taking but one single step out of the 
philosopher's observatory, we find he needs an instrument, 
to be produced by the united labors of the mathematical in- 
strument-maker, the brass-founder, the glass-polisher, and 
the maker of glass, four trades."^ He must also have an 
astroDomical clock, and it would be easy to count up half a 
dozen trades, which direcdy or indirecdy are connected in 
making a clock. But let us go back to the object-glass of 
the telescope. A glass factory requires a building and fur- 
naces. The man who makes the glass, does not make the 
building. But the stone and brick mason, the carpenter, 
and the blacksmith must furnish the greater part of the labor 
and skill, required to construct the building. When it is 
built, a large quantity of fuel, wood and wood-coal, or min- 
eral coal of various kinds, or all together, must be provided ; 
and then the materials of which the glass is made, and with 
which it is colored, some of which are furnished by com- 
merce from different and distant regions, and must be brought 
in ships across the sea. We cannot take up any one of 
these trades, widiout immediately findmg that it connects it- 
self with numerous others. Take, for instance, the mason 
who builds the furnace. He does not make his own bricks, 
nor bum his own lime ; in common cases, the bricks come 
from one place, the lime from another, the sand from anoth- 
er. The brick-maker does not cut down his own wood. 

m 

* The allumon is here to the simplest form oi «t\»\&«c«^ft. '\>Rft*^^»«" 
tntioa would be stronger in tho case of a rcftcctox» 
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It is caned or brought in boats to his yard. The man wi 
carts a does not make his awn wagon ; nor does the peta 
who brings it in boats, boiid his own boat. The man wi 
makes the wagoD, does not make its tire. The blacksmi^ 
who makes, the tire, does not sraeU the ore ; and the £ 
man who smelu the ore, does not build his own (umac^ 
(and there we get back to tlie point whence we started,) m 
dig his own mine. The man who digs the mine, does a 
make the pick-axe with which he digs it; nor the puin 
with which he keeps out the water. Tlie man who maki 
the pump, did not discover the principle of atmospheii 
pressure, which led to pump-making : that was dcme by t 
mathematician at Florence, experimenung in his chamb 
on a glass tube. And here wo come back again to c 
glass ; and to an instance of the close connex 
tific research widi practical art. It is plain, that this e 
ratioQ might be pursued till every art and everj- scienc 
were shown to run into every other. No one can doul 
this, who vrill go over the subject m his own mind, begiv 
ning with any one of the processes of mining 
metals, of ship-building, and navigation, and the i 
branches of art and industry, pursued in civilized c 



U' then, on the one hand, the astronomer depends for h 
telescope on the ultimate product of so many arts ; in reluni 
his observations are the basis of an astronomical system am 
of calculations of the movements of the heavenly bodiei 
whkih furnish the mariner with his best guide across tbi 
cceaa. The prudent ahip-maater would no more think <i 
ibr India. withoiU his BowiiVcWa Pracltca,lKi«%o»«( 
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ihan he would without his compass ; and this Navigator 
cxwitaias tables, drawn from the highest walks of astronomi- 
cal acience. Eveiy first mate of a vessel, who worics a lu- 
nar observation, to ascertain the ship's longitude, employs 
tables, in which the most wonderful discoveries and calcu- 
kdoiis of La Place, and Newton, and Bowditch, are mter- 
woven. 

I mention this as but one of the cases, in which astronom- 
ical science promotes the service and convenience of com- 
mon life ; and perhaps, when we consider the degree to 
which the modem extension of navigation connects itself 
with industry in all its branches, this may be thought suffi- 
cient. I will only add, that the cheap convenience of an al- 
manac, which enters into the comforts of every fireside in 
the country, could not be enjoyed, but for the labors and 
studies of the profoundest philosophers. Not that great 
learning or talent is now required to execute the astronomi- 
cal calculations of an almanac, although no inconsiderable 
share of each is needed for this purpose ; but because, even 
to perform these calculations requires the aid of tables, which 
have been gradually formed on the basis of the profoundest 
mvestigations of the long line of philosophers, who have de- 
voted themselves to this branch of science. For, as we 
observed on die mechanical side of the illustration, it was 
not one trade alone, which was required to furnish the phi- 
losopher with his instrument, but a great variety ; so, on the 
oth» hand, it is not the philosopher in one department, who 
creates a science out of nothing. The observing astronomer 
fiirmshes materiaJs to the calculating asltotiomet ^^sA^^^^-- 
culator derives methods fix)m the pure trv^XheroatosassvN ^^ 
H * 



a long sticcession of each for ages mvisl unite llieir laboM 
in a great result. Without the geometry of the Greebt 
and the algebra of the Arabs, itie inJinitesinial analysis t 
Newton and Leibnitz, would never have been invented. 

Examples and illustrations ecjually inslnictive niiglit I 
found in every other branch of industry. The man, wl: 
will go into a coicon-mili, and conlem|)late It from the gre 
water-wheel, tliat gives the first movement, (and still mon 
from the steam-engme, should that be the moving power,- 
who will observe the parts of the machinery, and I 
various pixxieases of (he fabric, till he reaches the hy 
drauhc press, with which it is made into a bale, and t 
canal or rail-road by which it is sent to market, may Goii 
every branch of trade and every department of s 
erally crossed, intertwined, interwoven ivitli every othe^ 
like the woof and tlie warp of the ai'ticle manufactinedi 
Not a litde of the spinning machinery is constructed c 
principles drawn from the demonstrations of iranscendc 
mathematics ; and the processes of bleaching and dyin^ 
now practised, are the results of t!ie most profound J» 
searches of modem chemistry. — And if this does not satis^ 
the inquirer, let him trace tlie cotton to die planUlioii: whc* 
it crew, in Georgia or .\lBbama ; llie indigo lo Bengal ; ih 
oil to the ohvo-gardens of Italy, or the fishing-grounds of dl 
Pacific Ocean ; let him consider Whitney's cottm^n* 
Whittetnore's carding-machine ; the power-loom ; and tU 
spinning apparatus ; and all the arts, trades, and scienoCf| 
directly or indirectly cwmecied with these ; and 1 belicffl 
be\yiU soon agree, thai one rtvi^V svan, ^toto a yard <A 
^^hsprinied cotton, whicVi co5W\ent:>;^rt»^wvft.ijjKwt q 
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of it, as out of a text, that every art and science under 
heaven had been concerned in its fabric. 

I ought here -to allude, also, to some of tliose pursuits 
which reqiure the ability to exercise, at the same time, on 
the part of the same individual, the faculties, both of the in- 
tellectual and physical nature,— or which unite very high 
and low degrees of mental power. I have no doubt, that 
the talent for drawing and painting, possessed by some men 
to such an admirable degree, depends partly on a peculiar 
organic structure of the eye, and of the muscles of the hand, 
which gives them their more delicate perceptions of color 
and their greater skill m delmeation. These, no doubt, are 
possessed by many individuals, who want the intellectual 
talent, — the poetic fii'e, — ^required for a great painter. On 
the other hand, I can conceive of a man's possessing the 
-invention and imagination of a painter, without the eye 
and the hand required to embody on the canvass the ideas 
and images in his mind. When the two unite, they make 
a Raphael or a Titian ; a Martin or an Allston. An accom- 
plbhed statuary, such as Canova or Chantrey, must, on tlie 
one hand, possess a soul filled with all grand and lovely 
images, and have a living conception of ideal beauty ; and 
on the other hand, he must be a good stone-cutter, and able 
to take a hammer and a chisel in his hand, and go to work 
on a block of marble, and chip it down to the lip of Apollo 
or the eyelid of Venus. — ^The architect must be practically 
acquainted with all the materials of building, wood, brick, 
mortar, and stone ; he must have the courage and skill to 
plant his moles against the heaving ocean, and to han^his 
ponderous domes and gigantic t)Lic\ve^m \)afe^\ ^^s^^ V^ 
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must have taste to combme the rough and scattered blocks 
of the quarry into beautiful and majestic structures ; and 
discern clearly in his mind's eye, before a sledge-bamnMf 
has been lifted, the elevation and proportions of the temple. 
The poet must know, with a schoolmaster's precision, the 
weight of every word, and what vowel follows most smooth- 
ly, on what consonant ; at the same time, that his soul must 
be stored with images, feelings, and thoughts, beyond the 
power of the boldest and most glowing language, to do 
more than faintly shadow out. The surgeon must, at once, 
have a mind naturally gifted and dUigentiy trained, to pene- 
trate the dark recesses of organic life ; and a nerve and tact, 
which will enable him to guide his knife among veins and 
arteries, out of sight, in the living body of an agoniang, 
shrieking fellow creature, or to take a lancet in his left hand, 
and cut into the apple of the eye. The lawyer must be 
able to reason from the noblest principles of human duty 
and the most generous feelings of human nature ; he must 
fully comprehend the mighty maze of the social relations ; 
he must carry about with him a stock of leiuning almost 
boundless ; he must be a sort of god to men and communi- 
ties, who look up to him, in the hour of the dearest peril of 
their lives and fortunes ; and he must at the same time be 
conversant with a tissue of the most senseless fictions and 
arbitrary technology, that ever disgraced a liberal science. 
The merchant must be able to look, at the same moment, at 
tiie markets and exchanges of distant countries and other 
hemispheres, and combine considerations of the political 
condition, the natural wants, the tastes and habits of difler- 
ent parts of the world ; and he musi Yje cT^-xi^tv ^\ ^v^^^ 
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— ^indetstand hDok-keeping by double entry ^ — end know 
as well how to take care of a quarter chest of tea as a car- 
{p of specie. The general-m-chief must be capable of cal- 
culating for a twelvemonth in advance the result of a con- 
test, in which all the power, resource, and spirit of two 
great empires enter and struggle, on land and by sea ; and 
he must have an eye, that can tell at a glance, and on the 
iespons3)ility of his life, how the stone walls, and trenched 
meadows, the bams, and the woods, and the cross-roads of 
a neighborhood, will favor or resist the motions of a hundred 
thousand men, scattered over a space of five miles, in the 
fary of. the advance, the storm of battle, the agony of flight, 
covered with smoke, dust, and blood.* 

It was my intention to subject the art of printing to an 
analyas of the trades, arts and sciences connected with it ; 
Init I have not time to do it full justice, and the bare gener- 
al idea need not be repeated. I will only say that, begin- 
Jung with the invention, which bears in popular tradition the 
^MUne of Cadmus, I mean the invention of alphabetical signs 
to express sounds, and proceeding to the discovery of con- 
venient materials for writing, and the idea of written dis- 
^^^^orse ; thence to the preparation of manuscript books ; and 
"ience to the fabric, on a large scale, of linen and cotton 
paper, the invention of moveable types, and the printing 
pfess, the art of engraving on metal, of stereotype printing, 
^d of the power press, — ^we have a series of discoveries, 
branching out into others in every department of human 
pursuit ; connecting the highest philosophical principles with 

* This paragraph is taken, with some a\teTat\o\i%, Ctoici %si '^Sj»k::^ ^ 
pabUsfaed by the SLuOkor aome years ago in a. 'Pexiod^ceiX. ^o^otga^. 
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the results of mere manual labor, and producing, in the end, 
that system of disusing and multiplying the expresaon of 
thought, which is, perhaps, the glory of our human nature. 
Pliny said, that the Egyptian reed was the support on which 
the immortal fame erf* man rested. He referred to its use 
in tlie manufacture of paper. We may with greater justice 
say as much of the manufacture of paper from rags, and of 
the printing press, neitlier of wliich was known to Pliny.^ 
But witli all die splendor of modem discoveries and improve- 
ments in science and art, I cannot but think that he, vrho, 
in the morning of die world, first conceived the idea of rep- 
resenting sounds by visible signs, took the most impoitaDt 
step in the march of improvement. This sublime coDcep- 
tion was struck out in die infancy of mankind. The name 
of its author, his native country, and the Ume when he lived, 
are knowTi only by very uncertain tradition ; but though all 
the intelligence of ancient and modem times, and in the inosi 
improved countries, has been concentred into a focus, burn- 
ing and blazing upon this one spot, it has never been able 
to reduce it to any simpler elements, nor to improve, in the 
sliglitest degree, upon the original suggestion of Cadmus. 

In what I have thus far submitted to you, you will proba- 
bly have remarked, that I have illustrated chiefly the con- 
nexion with each odier of the various branches of science 
and art ; of the intellectual and physical principlei. I have 
not distincdy shown the connexion of the moral principle, 
in all its great brandies, with bodi. This subject would 
well form the matter of a separate essay. But its elemen- 
tary ideas arc few and plain. The arts and sciences, wlwse 
connexion wc have n(>'\nle(\ ovi\.,\\.\s \Avx\\\, \qv\j\vc^ fe^ \lveir 
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cultivation a civilized state of society. They cannot thrive 
in a ofxnmunity which is not in a state of regular politici:! 
dgamKodon, under an ord^ly system of government, uni- 
form administration of lavrs, and a general observance of the 
dictates of public and social morality. Fardier, sucli ;i 
c(Mnmunity cannot exist without institutions of various kinds 
for elementary, professional, and moral education ; and con- 
nected with these, are required the services of a large cla&s 
of individuals, employed in various ways, in tlic business of 
instruction ; from the meritorious schoolmaster, who teaches 
the litde child its A, B, C, to the moralist, who lays down 
the great principles of social duty for men and nations, and 
the minister of divine tiiith, who inculcates those sanctions, 
by which Grod himself enforces the laws of reason. There 
must also be a class of men competent by their ability, edu- 
cation, and experience, to engage in the duty of making and 
administering the law, for in a lawless societ}- it is impossi- 
ble that any improvement should be permanent. There 
most be another class competent to afford relief to the sick, 
«nd thus protect our frail natures from the power of the nu- 
nierous foes that assail them. 
It, needs no words to show, that all these pursuits are in 
'I reality connected with the ordinary work of society, as di- 
*'I I'ectly as the mechanical trades, by which it is carried on. — 
J for instance, nothing would so seriously impair the prosper- 
■^^ 'Jy of a community, as an unsound and uncertain adminis- 
^ tration of justice. This is tlic last and most fatal symptom 
J Of decline in a state. A community can bear a very con- 
] J stderable degree of political despotism, if y]fi.\ieci \^ ^xjJoj "A- 
^ 7 Mistered between man and man. livxX wVete ^ x«sxv\>aJ 
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no secuilty, that the law will protect him in tlie enjoymtt 
of his property ; where he cannot promise himself a li^ 
teous judgment in the event of a controversy with his na^ 
bor ; where he is not sure, when he lies down at night, thi 
his slumbers are safe, there he loses the great motives o 
industry and probity ; credit is shaken ; enterprise didieait- 
ened, and the State declines. — ^The profession, thereSoRi 
which is devoted to the adminbtration of justice, rendeis i 
service to every citizen of the community, as imp(»tant » 
to those whose immediate affairs require the aid of counseL 
In a very improved and civilized community, there ue 
also numerous individuals, who, without being employed m 
any of the common branches of industry or of professioDil 
pursuit, connect themselves, nevertheless, with the prospCT- 
ity and happiness of the public, and fill a useful and honon- 
ble place in its service. Take, for instance, a man like Sir 
Waller Scott, who probably never did a day's work, in hfe 
life, in the ordinary acceptation of the term, and who has 
for some years retired from the subordinate station he filled 
in the profession of the law, as sherilF of the county and 
clerk of the Court. He has ^^nritten and published at least 
two hundred volumes of wide circulation. What a ^•ast 
amount of the industry of the community is thereby put in 
motion! — ^Thc booksellers, printers, paper-makers, press- 
makers, type-makers, book-binders, leather-dressers, ink- 
makers, and various other artisans required to print, publbh. 
and circulate the hundreds and thousands of volumes, of 
the different works, wliich lie has written, must be almost 
numberless, I have not ihe Igblsx dowbx^ \Vv«x, siuce tlie se- 
/^e^o/Ais publications began, \f aft \vV\ose\tv^\3ft\T>j , — eivK^, 
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r remotely, — hos been concerned in tliem, not only in Great 
Britain, but in America, and on the Continent of Europe, 
[xdd be brought together and stationed side by side, as the 
ihabitants of the same place, they would form a very con- 
Iderable town. Such a person may fairly be ranked as a 
rorkiug man. 

And yet I take this to be the least of Sir Walter Scott's 
ieserts. I have said nothing of the service rendered to every 
lass, and to every individual in every class, by the writer, 
?ho beguiles of their tediousness the dull hours of life ; who 
tnimates the principle of goodness \^ithin us, by glowing 
nctures of struggling virtue ; who furnishes our young men 
ind women with books, which they may read with interest, 
ind not have their morals poisoned as^they read them. Our 
liabits, our principles, our characters, — ^whatever may be 
3ur pui'suit in life, — depend very much on the nature of 
3ur youthful pleasures, and on the mode in which we learn 
to pass our leisure hours. And he who, with the blessing 
3f Providence, has been able, by his mental ejflforts, to pre- 
sent virtue in her strong attractions, and vice in her native 
leformity, to the rising generation, has rendered a service 
to the public,- greater even than his, who invented the steam- 
sngine, or the mariner's compass. 

I have thus endeavored to show, in a plain manner, that 
there is a close and cordial union between the various pur- 
suits and occupations, w^hich receive the attention of men in 
1 civilized community : — ^That they aie links of the same 
shain, every one of which is essential to its strength. 

It wJJJ follow, as a necessary consecjvietvce \ ^fi»x5wb S^si^3a^R 
/reason and as the Jaw of nature ; — l\^at evet^ Twasvvsv's 
12 
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ciety, whatever his pursuit, who devotes himself to it, wiA 
an honest purpose, and in the fulfibnent of the social diiy 
which Providence devolves upon him, is entitled to the good 
fellou ship of each and every other member of the comnn- 
nity ; — that all arc the parts of one whole ; and that be- 
tween those parts, as there is but one interest, so there 
should be but one feeling. 

Before I close this lecture, permit me to dwell for a short 
time on the principle, which I have had occasion to advance 
above, that the immortal element in our nature — the rea- 
sonlui^ soul — is the inheritance of all our race. As it is 
this which makes man superior to the beasts that perish : 
so it is this, which, in its moral and intellectual endowments. 
is the sole foundation for tlic only distinctions between inan 
and man, which have any real value. This consideration 
shows the value of institutions for education and for the dif- 
fusion of knowledj^e. It was no magic, no miracle, wliich 
made Newton, and Franklin, and Fulton. It was the pa- 
tient, judicious, long-continued cuUivation of powers of the 
undci-standing, eminent, no doubt, in degree, but not differ- 
ing in kind, from those which are possessed by every indi- 
vidual in this assemblv. 

Let every one then reflect, especially every person not 
yet pas-'(Hl the forming period of his life, that he carries 
ahoul in his frame as in a casket, the most glorious thins, 
which, lliis side heaven, God has been pleased to create, an 
inleHiii;ent spirit. To describe its nature, to enumerate its 
facuhies, to sol forth what it has done, to estimate what it can 
do, uould /x»rjiiirc the labor o{ v\Y\\*vi <\o\vAcv\ vc% xW \\\svim:v 
of Man. It would be vanu on l\\\s wcaAow wyv^v \\\ ^>r?» 



Everett's lecture. 135 

itSf to attempt it. But let any man compare his own 
tare with that of a plant, of a brute beast, of an idiot, of 
avage ; and then consider that it is in mind alone, and 
* degree to which he improves it, that he difiers essen- 
lly fiom any of them. 

And let no one think he wants opportunity, encourage- 
mt or means. — I would not undervalue these, any or all 
them, but compared with what the man does for himself. 
By are of little account. Industry, temperance, and per- 
verance are worth more than all the patrons, that ever 
'ed in all the Augustan ages. It is these, that create pa- 
xiag^ and opportunity. Tlie cases of our Franklin and 
uhon are too familiar to beai* repetition. Consider that 
■ Sir Hiunphrey Davy, who died last year, and who was 
1 mmy departments of science, the fii-st philosopher of the 
je.*— 'He was bom at Penzance in Cornwall, one of the 
aikest comers of England ; his father was a carver of 
'ooden imi^es for signs, and figure-heads, and chimney- 
ieces. He himself was apprenticed to an apothecary, and 
ade his first experiments in chemistry with his master's 
Uals and gallipots, aided by an old syringe, which had 
€en given him by the surgeon of a French vessel, wreck- 
i on the Land's End. From the shop of tlie apothecaiy, 
e was transferred to tlie office of a sm-geon ; and never 
ppears to have had any other education, tlian that of a 
Cornish school, in liis boyhood. Such was the beginning 
f the career of the man, who, at the age of twenty-two, 
■as selected, by our own countryman, Count Rumford, 

•The sketch of Sir Humphrey Davy wYiicYv fo\\o^ft,\o ^«^ «^^ ^\^^ 
4ure, is abridged from the article in the AimuaV 'Bvo^ra.^^j ^«« ^^^^ 
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(himself a self-taught benefactor of mankind,) to fill the 
chair of Chemistry at the Royal Listitution, in London , 
such was the origin and education of the man, who discov- 
^ed the metallic basis of the alkalis and the earths ; invent- 
ed the safety-lamp ; and placed himself, in a few years, m 
the chair of the Royal Society of London, and at the head 
of the chemists of Europe. Sir Humphrey Davy's most 
brilliant discoveries were effected by his skilful application 
of the Galvanic Electricity, a principle, whose existence 
had been detected, a few years before, by an Italian phi- 
losopher, from noticing the contractions of a fix)g's limb sus- 
pended on an iron hook, a fact which shows how near us, m 
every direction, the most curious facts lie scattered by nar 
ture. With an apparatus, contrived by himself to collect 
and condense this powerful agent. Sir Humphrey succeeded 
in decomposing the earths and the alkalis ; and in extracdog 
from common potash, the metal (before unknown) of whidi 
it consists ; — possessing at 70** of the tliermometer the lustre 
and general appearance of mercury, at 50**, the appear- 
ance of polished silver and the softness of wax ; so light thai 
it swims in water ; and so inflammable that it takes fire, 
when thrown on ice. 

These ai-e perhaps but brilliant novelties ; though coo- 
nected, no doubt, in the great chain of cause and effect, 
^vith principles of art and science, conducive to the service 
of man. But the invention of the safety-lamp, which em- 
hies the miner to walli uhharmed through an atmosphere 
of explosive gas, and has ahready saved the lives of hundreds 
of huimm beings, is a Ivlle lo ^\oty and tlie gratitude of li 
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fellow men;- which tiie most renowned destix^yer of his race 
might envy. 

The counsels of such a man, in liis retirement and medi- 
tation, are worth listening to. I am sure you will think I 
bring this lecture to the best conclusion, by repeating a sen- 
tence from one of his moral works : — 

" I env}'," says he, " no quality of the mind or intellect in 
others ; not genius, power, wit or fancy ; but if I could 
choose what would be most delightful, and I believe most 
useful to me, I should prefer a firm religious belief to 
every other blessing." 
12* 



OBJECTS, 



ADVANTAGES, AND PLEASURI 



OF 



SCIENCE. 



Introduction. I. Mathematical Science. II. Diff* 
ence between Mathematical and Physical Truths. I 
JSTatural or Experimental Science. W. Application 
J^Tatural Science to the Animal and Vegetable Wor 
V. Advantages and Pleasures of Science. 

In order fully to understand the advantages and t 

pleasures which are derived from an acquaintance with a 

science, it is necessary to become acquainted with tl 

science, and it would therefore be impossible to convex 

complete knowledge of the benefits conferred by a stu 

of the various sciences which have hitherto been chie 

cultivated by philosophers, without teaching all the brand 

of them. But a very distinct idea may be given of the 

benefits, by explaining the nature and objects of the difi 

ent sciences ; it may be shown by examples how much i 

^nd gratification there is in \e«iram^ ^ ^^v ol ^ax^ k 

branch of knowledge ; and it may ^us W Yc&ert^^^ 

^eat reason there is tx) learti the v/\\o\e. 
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It may be easily demonstrated, that there is an ad 
taze in learning, botli for the usefulness and tlie pleas 
oiit. There is soniediing positi\el\- agreeable to all m 
to all at least whose nature is not most grovelling and ba 
in gaining knowledge for its own sake. When you t 
any thing for the first time, you at once derive some gra 
ficaticHi irom the sight being new ; your attention is awal 
ened, and you desire to know more about it. If it is 
piece of workmanship, as an instrnnient, a machine of an 
kind, you wish to know how it is made ; how it works 
and what use it is of. If it is an animal, you desire tc 
know where it comes from ; how it lives ; what are its dis- 
positions, and, generally, its nature and habits. This de- 
are is felt, too, without at all considering that die machine 
or the animal may ever be of the least use to yourself 
practically ; for, in all probability, you may never see diem 
again, fiut you feel a curiosity to learn all about them, 
because diey are new and unknown to you. You accord- 
ingly make inquiries ; you feel a gratification in getting an- 
swers to your questions, that is, in receiving information, 
and in knowing more, — ^in being better informed than you 
wrere before. If you ever happen again to see the same 
Qstrument or animal, you find it agreeable to recollect 
aving seen it before, and to think that you know somcr 
'ii^ about it. If you see anollier instrument or animal, 
Bome respects like, but differing in odier particulars, you 
d it pleasing to compare dicm together, and to note in 
at they agree, and in what diey difl^er. Now, all this 
i of gratiCcaUon is of a pure and disinterested nature, 
has no reference to any of the connnon purposes of 
yet it is a pleasure — an enjoyment. You are nodi- 
ble richer for it ; you do not graufy your palate or any 
bodily appetite ; and yet it is so pleasing that you 
I give soniediing out of your pocket to obtam it, and 
forego some bodily enjoyment for its sake. The 
re derived from science is exapdy of the like nature, 
her J it is the very same, ffor wh^l Vva^s* *^w^\. \i^^w 
^1 to is in fact Science, wntSv m \\s rcvd^X. eQW\\ft^- 
sense only means Knowledge^ aiivA m \\s» ot&»»s?^ 
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sense means Knowledge reduced to a system ; iliat is, 
ranged in a regular order so as to be jconvenienily ta« 
easily remembered, and readily applie fl 

Trie practical uses of any science or branch of kn 
edge are undoubtedly of the highest importance ; and I 
is hardly any man who may not gain some positive ad 
tage in his worldly wealtli and comforts, by increasiDf 
ritock of information. But there is also a pleasure in 
iiig ihe uses to which knowledge may be applied, wl 
independent of die share we ourselves may have in t 
practical benefits. It is pleasing to examine the natui 
a new instrument, or the habits of an imknown an 
without considering whether they may be of use to 
selves or to any body. It is another gratification to es 
our inquiries, and find tiiat the instrument or animal is 
ful to man, even although we have no chance ourselvi 
ever bcnetiuing by the information ; as, to find thai 
natives of some distant country emj)loy tlie animal in 
clling ; — nay, though wc have no desire of benefittinj 
the knowledge ; as, for example, to find that the insuni 
is useful in performing some dangerous surgical opera 
The mere gratification of curiosity ; the knowing mor 
day than wc knew yesterday ; the understanding whal 
fore seemed obscure and puzzling ; the contemplatia 
general truths, and the comparing together ol diffi 
things, — is an agreeable occupation of the nund ; and< 
^ide the j)resent enjoyment, elevates tiic faculties ai 
low pursuits, ])urifies and refines the passions, and 1; 
our reason to assuage their violence. 

It is very true, that tiie fundamental lessons of phil 

phy may to many at first sight wear a forbidding as| 

iMM'ausc to comprehend thorn requires an efibrt of tlie r 

somewhat, tiiough certainly not much, greater tliai 

wanted for understanding more ordinary matters ; and 

most important branches of philosophy, those which ar 

the most general application, are for that very reason 

/ess ausily /bl lowed, and \\\e \css ei\v^?tT\a\Yv\\\^ wUen ap 

hended, j>rescnting as tliey do ^ew yt\tV\cvAwcs wv^vcv^vs 

objects to the mind. In A'lscovwsmv; o^ v\\ew\, \v«i\^xy 
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figures will be at present used to assist tlie imagination ; 
the appeal is made to reason, without help from tlic senses. 
But be Dot therefore prejudiced against the doctrine, that 
the pleasure of learning tlic trutlis which philosophy unfolds 
is tnily above all price. Ijcnd but a patient attention to 
the principles explained, and giving us credit for statins: 
nothmg which has not some practical use belonging to it, 
or some important doctrine connected witii it, you will soon 
perceive the value of the lessons you are learning, and be- 
^ to interest yourselves in comprehending and recollect- 
ing them ; you will find that you have actually learnt some- 
thing of science, while merely engaged in seeing what its 
end and purpose is ; you will be enabled to calculate for 
yourselves, how far it is worth the trouble of Jicquiring, by 
examining samples of it ; you will, as it were, taste a little 
to try whether or not you relish it, and ought to seek after 
more ; you will enable yourselves to go on, and eiilarge 
your stock of it ; and after having first mastered a very 
litde, you will proceed so far as to look back with wonder 
at the distance you have reached beyond your earliest ac- 
quirements. 
The Sciences may be divided into three great classes : 
; those wliich relate to JVumber and Quantity, those which 
p relate to Matter, and those whicli relate to Mind. The 
,-. first are called the Mathematics, and teach the properties 
of numbers and of figures ; the second are called JS/atural 
.J* Philosophy, and teach die properties of the various bodies 
;- Which we are acquainted mth by means of our senses ; 
the third are called Intelleclual or Moral Philosophic, and 
I leach the nature of tlie mind, of the existence of which we 
; have the most i)erfect evidence in our own reflections ; or, 
: id other words, tiic moral nature of man, both as an indi- 
r vJdual and as a member of society. Connected witli all 
: the sciences, and subservient to tliem, tliougli not one of 
r *heir number, is History, or tlie record of facts relating to 
^ kinds of knowledge. 

I. The two great branches of the JVIatKeTaal\«s^ cn\ ^\^ 
*V(7 mathematical sciences, are ./lritfimetic» ^\e ^ei\e,>ML^ <^^ 
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number, from the Greek word signifying nunyher^ ?.ad 
Geometry^ the science of figure, firom the Greek words 
signifying measure of the earthy — ^land measuring having 
first turned men's attention to it. 

When I say that 2 and 2 make 4, 1 state an arithmetical 
proposition, very simple indeed, but connected with many 
others of a more difficult and complicated kind. Thus, it 
is another proposition, somewhat less simple, but still very 
obvious, tliat 5 multiplied by 10, and divided by 2 is equal 
to, or makes the same number with, 100 divided by 4 — 
both results being equal to 25. So, to find how many far- 
things there are in £1000, and how many minutes in a 
year, are questions of aritlimetic which we learn to ^vork 
by being taught the principles of the science one after an- 
other, or, as they are commonly called, the rrdes of addi- 
tion, subtraction, multiplication, and division. Arithmetic 
may be said to be the most simple, though among the most 
useful of the sciences ; but it teaches only the properties 
of particular and known numbers, and it only enables us to 
add, subtract, multiply, and divide tliose numbers. But 
suppose we wish to add, subtract, multiply, or divide num- 
bers which we have not yet ascertained, and in all respects 
to deal ^^ith them as if they were known, for the purpose 
of arriving at certain conclusions respecting them, and 
among other things, of discovering what they are ; or, sup- 
pose we would examine properties belonging to all num- 
bers ; this must be performed by a peculiar kind of aritb- 
metir, called universal arithmetic, or Algebra.* The 
common arithmetic, you will presently perceive, carries the 
seeds of this most important science in its bosom. Thus, 
suppose we inquire what is the number wliich multiplied by 
5 makes 10? this is found if we divide 10 by 6— 4t is 2; 
but suppose that, before finding this number 2, and before 
knowing what it is, we would add it, whatever it may turn 
out, to some other number ; tliis can only be done by put- 
tin^ some mark, such as a letter of the alphabet, to apurf 

* i4//^ebrn, from the \rab\c wovA% i\gt\\l^\t\^\\\t Ttdudxwv^^ Jt«aMU{ L ^ 
the Arabs having broug\tt tV\c Vi\ov»\eAf^« ol \V \\\Vo "^aww^. ^ ~ 
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for the unknown number, and adding that letter as if it 
were a known number. Thus, suppose we want to find 
two numbers, which, added togetlier, make 9, and multi- 
plied by one another make 20. There are many, which 
added together, make 9 ; as 1 and 8 ; 2 and 7 ; 3 and 6 ; 
and so on. We have, therefore, occasion to use the second 
condition, that multiplied by one another they should make 
20, and to work upon this condition before we have dis- 
covered the particular numbers. We must, tlierefore, sup- 
pose the numbers to be found, and put letters for them, 
and by reasoning upon those letters, according to both the 
two conditions of adding and multiplying, we find what they 
must each of them be in numbers, in order to fulfil or an- 
swer the conditions. Algebra teaches the rules for con- 
ducting this reasoning, and obtaining this result successful- 
ly ; and by means of it we are enabled to find out numbers 
which are unknown, and of which we only know that they 
stand m certain relations to known numbers, or to one an- 
other. The instance now taken is an easy one ; and you 
could, by considering the question a little, answer it readi- 
ly enough ; that is, by trying different numbers, and seeing 
which suited die conditions ; for you plainly see that 5 and 
4 are the two numbers sought ; but you see Uiis by no 
certain or general rule applicable to all cases, and there- 
fore you never could work more difiiciilt questions in the 
same way ; and even questions of a moderate degree of 
<Jifl5ovl*^' would take an endless number of trials or guesses 
to answer. Thus, if a ship, say a smuggler, is sailing at 
the rate of 8 miles an hour, and a revenue cutter, sailing 
at the rate of 10 miles an hour, descries her 18 miles off, 
and gives chase, and you want to know in what time the 
smuggler wiD be overtaken, and how many miles she will 
have sailed before being overtaken ; this, which is one of 
the simplest questions in algebra, would take you a long 
time, ahnost as long as the chase, to come at by mere tiial 
and guessing (the chase w^ould be 9 hours, and the smug- 
gler would sail 72 miles :) and quesUous orX^ ^.XsN^^ \W3^^ 
difScult than this, never could be answexed Xs^ ^"k^ ^xxk^^ 
of guesses; yet questions infinitely more dAffivcAAx.^'^csv^'^^'S 
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be solved by the rules of algebra. In like maimer, by 
arithmetic you can tell tlie properties of particular num- 
bers ; as, for instance, that the number 348 is divided by 
3 exacdy, so as to leave notliing over : but algebra teaches 
us that it is only one of an infinite variety of numbers, all 
divisible by 3, and any one of which you can tell the mo- 
ment you see it ; for they all have the remarkable prc^r- 
ty, that if you add together tlie figures they consist of, the 
sum total is divisible by 3. You can easily perceive this 
in any one case, as in the number mentioned, for 3 added 
to 4 and that to 8 make 15, which is plainly divisible by 
3 ; and if you divide 348 by 3, you find the quotient to be 
116, and nothing over. But this does not at all prove that 
any other number, the sum of whose figures is divisible by 
3, will itself also be found divisible by 3, as 741 ; for you 
must actually perfonn the division here, and in every odier 
case, before you can know that it leaves nothing over. 
Algebra, on the contraiy, both enables you to discover 
such general properties, and to prove them in all their 
generality.* 

By means of diis science, and its various applications, 
tlie most extraordinary calculations" may be performed. 
We shall give, as an example, the method of IjOgarithmSj 
which proceeds upon this principle. Take a set of num- 
bers going on by equal differences ; that is to say, the third 
being as much greater tlian the second, as the second is 
greater than the first ; thus, 1, 2, 3, 4, 5, 6, and «50 on, in 
which the common difference is 1 ; then take cuiother set 
of numbers, such that each is equal to twice or tliree times 
the one before it, or any number of times tlie one before 
it; thus, 2, 4, 8, 16, 32, 64, 128; write this second set 

" Another class of numbers divisible by 3 is discovered in like maimer 
by algebra. Every number of 3 places, the figures (or digits) compoi- 
ing which are in arithmetical progression, (or rise above each other by 
equal differences) is divisible by 3 : as, 123, 789, 367, 169, and lo on. 
The same is true of numbers of any amount of places, provided they an 
composed of 3, 6,9, he. numbers rising above each other by eqoal ^ 
/erenccs, as 289, 299 j 309, or 14S, «l\4L,«i»K>,^^, w 

307 1420R5a45ft4»"nft\Wnbfe 
^ich number of 24 places ia divmbXeVi^ ^^Y^Va^cwo^w^tA^^Mfc 
»•« in a series whose common diffetetice i* \\^. 
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of numbers under the first, or side by side, so that the 
numbers shaD stand opposite to one another thus, 

1 2 3 4 6 G 7 

2 4 8 IG 32 G4 128 

you will find, that if you add together any two of the upper 
or first set, and go to the number opposite their sum, in the 
lower or second set, you will have m this last set the num- 
ber arising firom multiplying together the numbers of tlie 
lower set corresponding to the numbers added togedier. 
Thus, add 2 to 4, you have 6 in the upper set, opposite to 
which in the lower set is G4, and multiplying die numbers 
4 and 16 opposite to 2 and 4, the product is 64. In like 
manner, if you subtract tlie upper numbers, and look for 
the lower numbers opposite to uieir difference, you obtain 
the quotient of the lower numbers opposite tlie number sub- 
tracted. Thus, take 4 from 6 and 2 remains, opposite to 
which you have in the lower line 4 ; and if you divide 64, 
the number opposite to 6, by 16, the number opposite to 
4, the quotient is 4. The upper set are called the loga- 
rithms of the lower set, which are called natural numbers : 
and tables may, with a litde trouble, be constructed, giving 
the logarithms of all numbers from 1 to 1 0,000 and more ; 
so that, instead of multiplying or dividing one number by 
another, you have only to add or subtract their logarithms, 
and then you at once find the product or the quotient in 
the tables. These are made applicable to numbers far 
higher than any actually in them, by a very simple pro- 
cess ; so that you may at once perceive the prodigious 
saving of time and labour which is dius made. If you had, 
for instance, to multiply 7,643,283 by itself, and that pro- 
duct again by the original number, you would have to mul- 
tiply a number of seven places of figures by an equally 
large number, and then a number of 14 places of figures 
by one of seven places, till at last you had a product of 21 
places of figures — a very tedious .operation ; but working 
by logarithms, you would only have to take three times the 
logarithm of the original number, and \Sna\. ^\\^^ ^'^V^'^- 
rimtn of the last product of 21 places o? ^^\^^^ n^>2^^^55 
any further muitipj/cation. So muc\i fox \Scv^ \vwv^ "^ 

/5? 
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irouble saved, which is still greater in questions of di\isioD; 
but by means of logarithms many questions can be woilLed. 
and of the most important kind, which no time or labov 
would otherwise enable us to solve. 

Geometry teaches tlie properties of figure, or particulir 
portions of space, and distances of points from each other. 
Thus, when you see a triangle, or three-sided figure, one 
of whose sides is perpendicular to another side, you find, 
by means of geometrical reasoning respecting this kind of 
triangle, that if squares be drawn on its three sides, ibe 
large square upon the slanting side opposite the two po^ 
pendiculars, is exactly equal to the two smaller squares 
u}3on tlie perpendiculars, taken together ; and this is abso- 
lutely true, whatever be tlie size of the triangle, or the pro- 
portions of its sides to each odier. Therefore, you caa 
always find the lengtli of any one of the du-ee sides by know- 
ing tlie lengths of die odier two. Suppose one perpendicular 
side to be 10 feet long, the other 6, and you want to know 
the length of the diird side opposite to the perpendiculars, 
you have only to find a number such, that if multiplied by j 
itself, it shall be equal to 10 times 10, togetlier witli 6 times 
G, that is 136. (This number is between 11 1 and lU.) 
Now only observe the great advantage of knowing this 
property of the triangle, or of perpendicular luies. If you 
want to measure a line passing over ground which you can- 
not reach — to know, for instance, die lengtii of one side 
covered with water of a field, or die distance of one point 
on a lake or bay from the opposite side — ^you can easihr 
find it by measuring two lines perpendicular to one another 
on the dry land, and running through die two points ; for 
the line wished to be measured, and which runs through 
the water, is the diird side of a perpendicular-sided trian- 
|i?le, die odier two sides of which are ascertained. But there 
are other properties of triangles, which enable us to know 
the liin^tli of two sides of any triangle, whedier it lia!» per- 
pendicular sides or not, l)y measuring one side and also 
nwiisunnfi die inclination of the other iwo sides to Uiis side, 
or wlrdt is caJJed llie two angjes \wac\e \i^- ^\o^vi ^\^<i^«» v;^ 
tJw measured side. Therefore yov\ caw ea?;A>j ^vbA ^^ 
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perpendicular line drawn or supposed to be drawn from the 
top of a mountain through it to the bottom, that is the 
height of the mountain ; for you can measure a line on 
level ground, and also the inclination of two lines, suppos- 
ing them drawn in the air, and reaching from tiie ends of 
the measured lines to the mountain's top ; and having tiius 
found the length of the one of those lines next the moun- 
tain, and its inclination to the ground, you can at once find 
the perpendicular, though you cannot possibly get near it. 
In the same way, by measuring lines and angles on tlie 

£und, and near, you can find die length of lines at a great 
tance, and which you cannot get near ; for instance, the 
length and breadth of a field on the opposite side of a lake 
or sea ; the distance of two islands, or the space between 
the tops of two mountains. 

Again, there are curve-lined figures as well as straight, 
and geometry teaches the properties of diese also. The 
best known of all the curves is tlie circle, or a figure made 
by drawing a string round a fixed point, and marking where 
its other end traces, so lliat every part of the circle is 
equally distant from tlie fixed point or centre. From tliis 
fimdamental property, an infinite variety of others follow 
by steps of reasoning more or less numerous, but all neces- 
sarily arising one out of another. To give an instance ; it 
is proved by geomeuical reasoning, tliat if from the two 
ends of any diameter of tlie circle you draw two lines to 
meet in any one point of tlie circle whatever, those lines 
^e perpendicular to each odier. Another property, and 
^ mx^ useful one is, that tlie sizes, or areas, of all circles 
Xvfaatever, firom tlie greatest to the smallest, from the sun 
to a watch-dial-plate, are in exact proportion to the squares 
of their distances firom the centre ; that is, the squares of 
the strings they are drawn with : so that if you draw a cir- 
cle with a string 5 feet long, and another with a string 10 
feet long, the large circle is four times die size of the small 
One, as far as the space or area enclosed is concerned ; the 
^uare of 10 or 100 being four times the s^'ai^^ ol ^ ^\^ 
S5. But it is also true, tliat the lengths oi \Sftft okcvxav^e^- 
^nces themselves, tlie number of feet ovei NNVvveXv ^^ ^"^^ 
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of the strings move, are in proportion to the lengths o( ihe 
strings ; so that the curve of the larger circle is only nrice 
the length of the curve of the lesser. 

But the circle is only one of an infinite variety of curnsi 
all having a regular formation and fixed properties. Tk 
oval or ellipse is, perhaps, next to the circle, the most fa- 
miliar to us, although we more frequently see another curve 
line formed by the motions of bodies thrown forwaii 
When you drop a stone, or throw it straight up, it goes in 
a straight line ; when you throw it forward, it goes in » 
curve line till it reaches the ground ; as you may see bf 
the figure in which water runs when forced out of a pump, 
or from a fire-pipe, or from the spout of a kettle ortea-jpoi' 
The line it moves in is called a parabola ; every point of 
which bears a certain fixed relation to a certain point irilb- 
in it, as the circle does to its centre. Geometry teaches 
various properties of this curve ; for example, diat if the 
direction in which the stone is thrown, or tlie bullet fired, 
or the water spouted, be half tlie perpendicular to the 
ground, that is, half way between being level witli the 
ground and being upright, the curve will come to the 
ground at a greater distance than if any otlier direction 
whatever were given with the same force. So tliat to make 
the gun carry fiirthest, or the fire-pipe play to the greatest 
distance, they must be pointed, not as you might suppose, 
level or point blank, but about half way between that di- 
rection and the perpendicular. If the air did not resist, and 
so somewhat disturb tlie calculation, tlie direction to pe 
the longest range ought to be exactly half perpendicular. 
The oval or ellipse^ is drawn by taking a string of any 
certain lengtli, and fixing, not one end as in drawing the 
circle, but both ends, and then canying a point, as a pencil 
or chalk, round inside the string, always keeping it stretch- 
ed as far as possible. It is plain, that this figure is as regu- 
larly drawn as the circle, though it is very difierent from 
it ; and you perceive tliat ever}' point of its cun'c must be I 
so pinrod, that the straight Uui's dt-Avm Ciowv it to the two 
jyoints where the string was fixed, ate, \n\\ct\ ^^Cv^^ xon^^ef^Mev. * 
aliVRvs the sninc : for thcv make \o^c\Y\ct \\\e\^Tv^^^ 

* 7 * 
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String. Among various properties belonging to this curve, 
in relation to the straignt lines drawn within it, is one 
idiich gives rise to the construction of the trammels or el- 
liptic compasses used for making figures and ornaments of 
this form ; and also to the construction of lathes for turn- 
ing oval frames, and the like. 

If you wish at once to see these three curves, take a 
sugar-loaf, and cut it any where clean through in a direc- 
tion parallel to its base or bottom ; the outline or edge of 
the loaf where it is cut will be a circle. If the cut is made 
so as to slant, and not be parallel to the base of the loaf, 
the outline is an dlipse^ provided the cut goes quite through 
the ffldes of the loaf all round ; but if it goes slanting, and 
parallel to the line of the loaf's side, the outline is a para- 
bcla; and if you cut in any direction not through the sides 
all round, but through the sides and base, and not parallel 
to the line of the side, the outline will be another curve of 
which we have not yet spoken, but which is called an hy- 
perbola. You will see anotlier instance of it, if you take 
two plates of glass, and lay them on one another ; then put 
their edge in water, holding them upright and pressing them 
together ; the water, which, to make it more plain, you 
may colour with a few drops of ink or strong tea, rises to a 
certain height, and its outlme is this curve ; which, how- 
ever much it may seem to differ in form fix)m a circle or 
ellipse, is found by matliematicians to resemble them very 
clMely in many of its most remarkable properties. 

These are the curve lines best known and most fre- 
quently discussed ; but there are an infinite number of 
others all related to straight lines and other curve lines by 
certain fixed rules ; for example, the course which any 
jmrt, as the nail in the felly of a wheel rolling along takes 
through the air, is a curve called the cycloid^ which has 
many remarkable properties ; and, among others, this, that 
it is, of all lines possible, the one in which any body not 
fidling perpendicularly, will descend from one point to an- 
other the most quickly. 

n. You perceive, if you reflect a Aiwie, i3ftaX ^^ ^xeoR-'^ 
which we have been considering in botih \\;s\yc^5vc)ft»3»^ ^ 
13 * 
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nolhiDg to do witli matter ; tliat is to say, it does doI ai all 
depend upon the properties or even upon the existence of . 
any bodies or substances whatever. The distance of OW 
point or piace from anodier is a straight line ; and wha^ 
ever is proved to bo true respecting this line, as, for ift 
stance, tts proportion to odier lines of the same hind, and 
its inclinadon towards ihem, what we call the ; 
makes tvilh them, would be equally true whetlier ihert^ 
were any thing in those places, at those two points, or not( 
So if you find the number of yards in a square field, by 
measuring one side, 100 yards, and then, midtiplying (M 
by itself, which maltes the whole area 10,000 square yardl^ 
tills is equally true whatever the field is, wheiier corn * 
grass, or rock or water ; it is equally true if [he solid part, 
the eanli or water, be removed, for then it (vould be a fielJ 
of air bounded by four walls or hedges ; but suppose iba 
walls or hedges were removed, and a mark only left It 
each corner, still it would be true tliat die space enclosed 
or bounded by the lines supposed to be dratvn between ib§ 
four marks was 10,000 square yards in dze. But itHi 
marks need not be there ; you only want them while mea*' 
suring one side ; if tiiey were gone, it would be equal^ 
true that the Unes, supposed to be drawn from the plac' ~ 
where the marks had been, enclose 10,000 square; 
of air. But if there were no air, and consequently a 
void, or empty space, it would be equally Wue that Hi 
space is of tiie size you had found it to be by measuraS 
the distance of one point from another, of one of the spoceU 
corners or angles from anotiier, and then multiplying llilt 
distance by itself. In tlie same way it would be true, ' " 
if the space were circular, its size, compared with aj 
circular space of half its diameter, would be four 
larger ; of one third its diameter, nine dmes larger, and 
one fourth sixteen times, and so on always in proportion 1 
lite squares of tiie diameters j and that the lenglli of til 
circumference, die number of feet or yards in the fin 
round the surface, would lie twice the length of a c_. 

Ki diameter was one \i\i\I, vWice ike ^cMmS.'et«acc 
hose diaraeler was one Ami, Wt ^mws^ ■&» m 
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Terence of one whose diameter was one fourth, and so on, 
in the simple proportion of the diameters. Therefore 
every property which is proved to helong to figures belongs 
to them without the smallest relation to bodies or matter of 
any kind, although we generally see figures in connexion 
with bodies ; but all those properties would be equally 
true, if no such thing as matter or bodies existed ; and tlie 
same may be said of the properties of number, the otlier 
great branch of the mathematics. When Vie speak of twice 
two, and say it makes four, we affirm this wiuiout thinking 
of two horses, or two balls, or two trees ; but two of any 
thing and every thing equally. Nay, this branch of mathe- 
matics may be said to apply still more extensively tlian 
even the other ; for it has no relation to space, which ge- 
ometry has ; and, therefore, it is applicable to cases where 
figure and size are wholly out of tne question. Thus you 
can speak of two dreams, or two ideas, or two minds, and 
can calculate respecting them just as you would respectmg 
so many bodies ; and the properties you find belonging to 
numbers, will belong to tliose numbers when applied to 
things that have no outward or visible or perceivable exist- 
ence, and cannot even be said to be in any particular place, 
just as much as the same numbers applied to actual bodies 
which may be seen and touched. 

It is quite otherwise with the science wliich we are now 
going to consider, JVatural Philosophy, This teaches the 
nature and properties of actually existing substances, their 
motions, their connexions with each other, and their influ- 
ence on one another. It is sometimes also called Physics, 
from the Greek word signifying JVature, though that Greek 
word is more frequently, in common speech, confined to 
one particular branch of the science, concerning the bodily 
healtn. 

We have mentioned one distinction between Mathemat- 
ics and Natural Philosophy, that tlie former does not de- 
pend on the nature and existence of bodies, w\»K\\.\!s\^NaSc- 
ter entirely does. Another distincUoii) ^tA oxva 0^^^:^ 
xxwected with this, is, that the trutYiS -wVvicVv ^^jScvcroaXis 
^aci us are necessarily such, — ^they we MviJitos. oi "^^ 
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I selves, and wholly independent of Tacts and experiments,-J 
they depend only upon reasoning ; and it is utterly impoM 
sible they should be otherwise than true. This is the caa 
with all the properties which we find bebng to Dumbea 
and to figures — 2 and 2 must of nfctaahy, and through Bl 
time, and in every place, be enua! to 4 ; those numbed 
must necessarily be always divisible by 3 without leanoi 
any remainder over, which have the sums of the figure 
they consist of divisible by 3 ; and circles must neaatantn 
and for ever and ever, be to one another in the exact pin 
portion of tlie squares of their dianieters. It cantiot bp 
otherwise ; we cannot conceive it in our minds to be otbef' 
wise. No man can in his own mind suppose to tunuetf^ 
that 2 and 2 should ever be more or less than 4 ; it wontfl 
he an utier impossibility — a contradiction in the veryidea^ 
The oilier properties of number, lliough not so plain at first 
sight as this, are proved to be true by reasoning, everyone 
step of which follows from llie step immediately before- as 
a matter of course, and so clearly and unavoidably, that ii 
cannot be supposed or even imagined to be otherwise ; the 
mind has no means of fancying how it could be otherwise : 
the final conclusion from all the steps of the reasoning or 
demonstration, as it is called, follows in die same way miin 
tiie last of the steps, and is therefore just as evidenUy. tsA 
necessarily true as die first step, which is always something 
self-evident, as that 2 and 2 make 4, or that the whole is 
greater than any of its parts, but equal to all its parts put 
together. It is by tliis kind of reasonmg, step by desf, 
from the most plain and evident things, lliai we arrive at 
the knowledge of other things which seem at first nottnWi 
or ai least not generally true ; but when we do arrive (t 
them, we perceive that they nre just as true, and ibr die 
same reasons, as the first and most obvious matters : dtti 
their tnitl) is absolute and necessary, and that it would be 
as absurd and self-contradictory to suppose tliey ever 
could, under any circumstances, be not true, as to suppo«r 
that 2 added to 2 cou\d «vei iru^e %, w E),ot 100, or 
thlag but 4; or, wHch ia the same 'fcwv'fe, ■fcju. ^ " 
ever be equal to 3, or 5, oi \<S0, w ^af *^ 
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To find out these reasonings, to pursue them to their 
cxxDsequences, and thereby to discover the truths which 
are not immediately evident, is what science teaches 
us ; but when the truth is once discovered, it is as certain 
and plain by the reasoning, as the first truths themselves 
from which all the reasoning takes its rise, on which it all 
d^)ends, and which require no proof because they are self- 
evident at once, the instant they are understood. 

But it is quite difierent with the truths which Natural 
Philosophy teaches. All these depend upon matter of 
fisust ; and that is learnt by observation and experiment, and 
never could be discovered by reasoning at all. If a man 
were shut up in a room with pen, ink, and paper, he might 
by. thought discover any of the truths in arithmetic, alge- 
bra, or geometry ; it is possible, at least ; there would be 
nothing absolutely impossible in his discovering all that is 
now known of these sciences ; and if his memory were as 
good as we are supposing his judgment and conception to 
be, he might discover it all without pen, ink, and paper, 
and in a dark room. But we cannot discover a single one 
of the fimdamental properties of matter without observing 
what goes on around us, and trymg experiments upon the 
nature and motion of bodies. Thus, the man whom we 
have supposed shut up could not possibly find out beyond 
one or two of the very first properties of matter, and those 
only in a very few cases ; so that he could not tell if these 
were general properties of all matter or not. He could 
tell that the objects he touched in the dark were hard and 
resisted his touch; that they were extended and were 
solid ; that is, that they had three dimensions, length, 
breadth, and thickness. He might guess that other thmgs 
existed beside those he felt, and that those other things re- 
sembled what he felt in these properties, but he could know 
nothing for certain, and could not even conjecture much 
beyond this very limited number of qualities. He must re- 
main utterly ignorant of what really exists in nature, and of 
what nroperties matter in general \\as. T\\^^^ ^\ci^^\^iR.'5>^ 
therefore, we learn by ^perience*, Xhe^ «xe «\0o. ^^^' 
kaow bodies to have ,• they happeu \a \v^Ne ^'eccs— ^ 



are so formed by Divine Providence as to have them — bat 
they might have been otlierwise formed ; the great Auihoe 
of Nature might have thought fit to make all bodies difihM 
ent in every respect. We see that a stone dropped froia 
our hand falls to the ground ; this is a fact which we cait 
only know by experience ; before observing it, we couk 
not have guessed it, and it is quite conceivable that it sbou]i 
be otherwise ; for instance, ihai when we remove our hanj 
from the body it should stand siill in the air ; or fly up 
ward, or go forward, or backward, or sideways ; there tf 
nothing at all absurd, contradictory, or mcoiicei table in aiir! 
of these suppositions; there isnodiing impossible in anycR' 
tliem, as there would be in supposing the stone equal \ 
half of itself, or double of itself ; or both falling down m 
rising upwards at once ; or going to the right and the It 
at one and the same time. Our only reason for noi tt; 
once thinking it quite conceivable tliat the stone dtouU 
stand in the air, or fly upwards, is, tliat we have never swft 
it do so, and have become accustomed to see it do aibei^ 
tvise. But for that, we should at once think it as natuid 
thai the stone should fly upwards or stand still, as thai fl 
should fall. But no degree of reflection for any length of 
lime could accustom us to lliink 2 and 2 equal to any l' ' 
but 4, or the whole to be equal to a part. 

After we have once by observation or experiment a 
lained certain tilings to exist in fact, we may then reascA 
upon them by^ means of mutliematJes y that is, we may ip* 
ply matliematics to our experimental philosophy, and IM| 
such reasoning becomes absolutely certain, talong the ' 
damenta] facts for granted. Thus, if we find that a S 
falls in one direction when dropped, and we further obMTVC 
the peculiar way in which it falls, that b, quicker ai 

Siicter every instant till it reaches the ground, we ic* 
e rule or the proportion by which the quickness goee ( 
increasing ; and we further find, that if the same atone 
pushed forward on a table, it moves in the direction oTll 
push, dU it is either stopped \i^ ««tie>!Nai^, ot comn t& 
pause, by rubbing against ihe xabXe, Mvft.Vft\B^\OTA»wfc'' 
^e air. Tliese are al\ faiiu ■wVnOiv 'ScVmw Vj -* — 
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and tryingy and they might all have been di&rent if matter 
and motion had been otherwise constituted ; but supposing 
tbem to be as they are, and as we find them, we can, by 
reasoning mathematically from them, find out many most 
curious and important truths depending upon these facts, 
and depending upon them not accidentaUy, but of necessi- 
ty. For example, we can find, in what course the stone 
will move, if, instead of being dropped to the ground, it is 
thrown forward : it will go in the curve already mentioned, 
the parabola, and it will run through that curve in a pecu- 
liar way, so that there will always be a certain proportion 
between the time it takes and tlie space it moves through, 
and the time it would have taken, and the space it would 
have moved through had it fallen fix)m the hand to the 
eroimd. So we can prove, in like manner, what we be- 
fore stated of the relation between the distance at which it 
will come to the ground, and the direction it is thrown in ; 
the distance being greatest of all when the direction is 
nearly half way between the level or horizontal and the 
upright or perpendicular. These are matliematical truths, 
derived by mathematical reasoning upon physical grounds ; 
that is, upon matter of fact found to exist by actual obser- 
vation and experiment. The result, therefore, is necessa- 
rily true, and proved to be so by reasoning only, provided 
we have once ascertained die facts ; but taken altogether, 
the result depends partly on the facts learned by experi- 
ment or experience, partly on the reasoning from diese 
facts. Thus it is found to be true by reasoning, and neces- 
sarily true, that if the stone falls in a certam way when 
unsupported, it must when tlirown forward go in the curve 
called a parabola : this is a necessary or mathematical 
truth, and it cannot possibly be otherwise. But when we 
state the matter without any supposition, — ^without any 
<« i^j" — and say, a stone thrown forward goes in the curve 
called a parabola, we state a truth, partly fact, and partly 
drawn firom reasoning on the fact; and it might be other- 
wise if the nature of things were different. It is called %. 
proposition or truth in Natural PV\\\oso^\s>j \ «xA "^ '^ >s^ 
discovered and proved by mathercvaUc^V t^^sss«!!sv^^ ^ ' 
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sometimes called a proposition or L-utli in the Mined Math- 
ematics. The man in the dark room could never discover 
tills truth unless he had been first informed, by those win 
had observed the fact, in what way tlie stone fails when ii», 
supported, and moves along tlie table when pushed. ' 
things he never could have found out by reasoning 
are Tacts, and he could only reason from them after 
ing them, by bis own experience, or taking ihem oa 
credit of other people's experience. Bui having once at 
learnt them, he could discover by reasoning merely, aac 
with as much certainty as if he lived in daylight, and sail 
and felt die moving body, tliat the modon is in a parabola^ 
and governed by certain rules. As experimeni and df^ 
servation are the great sources of our knowledge of Natun 
and as the judicious and careful making of experiments 14 
the only way by which her secrets can be known. Natural 
and Experimental Philosophy mean one and the s 
thmg ; matheinaiica] reasoning being applied to certain 
branches of it, particularly those which relate to motion 
and pressure. 

Ill- JVatttral PhUosopky, in its most extensive sense, liu 
for its province the investigation of die laws of matter ; tliM 
is. the properties and die motions of matter ; and may be 
divided into two great branches. The first and most im- 
portant (wliich is sometimes on tliat account called. Abtu- 
ral PhUosopky, but more properly Mechanical Fhiloaophjf,) 
bvesdgates Uie sensible modons of all bodies, Tlie second 
investigates die constitution and qualities of all bodies, and 
has various names, according to its different objects. It is 
called ChemistTy, if it teaches the properties of^bodies widl 
respect to heat, mixture together, weight, taste, appear- 
ance, and so forth : Anatomy and Mnimal Phynology, if 
it teaches the structure and funcUons of living bodies, espe- 
cially the human, Jbr when it shows those of odier aniinaU, 
we term it Comparative Anatomy: Medicinc,\[ it teadies 
rhe nature of diseases, and the meanG of preventing them 
"■"/ of restoring health: Zoology, ^feonv'&ftGie^'w ' 
■ lifying tospeak of animals^ it «,vea.*i\«» fcftiiw 
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m^t or classification and the iiabits of the different lower 
ani mAla : Botany^ if it teaches tlie arrangement or classifi- 
cation and habits of plants : Geology^ (from the Greek 
words meaning to speak of the earthy) including Mineralo- 
gVf if it teaches the arrangement of minerals, the structure 
of the masses in which they are found, and of the eailh 
composed of those masses. The term JSTatural History is 
given to the three last branches taken together, but chiefly 
as far as relates to the classification of different tilings, or 
the observation of the resemblances and differences of die 
various animals, plants, and inanimate and ungrowing sub- 
stances in nature. 

But here we may make two general observations. The 
first is, diat every such distribution of die sciences is neces- 
sarily imperfect ; for one runs unavoidably into another. 
Thus, Chemistry shows the qualities of plants with relation 
to other substances, and to each other ; and Botany does 
pot overlook those same qualities, diough its cliief object 
be arrangement. ^ So Mineralogy, though principally con- 
versant with classifying metals and earths, yet regards also 
their qualities in respect of heat and mixture. So, too, 
Zoolo^, beside arranging animab, describes their struc- 
tures, Hke Comparative Anatomy. In trudi, all airange- 
ment and classifying depends upon noting the things in 
which the objects agree and differ; and among diose 
things, in which animals, plants, and minerals agree, must 
be considered the anatomical qualities of the one and the 
chemical Qualities of the other. From hence, b a great 
measure, follows the second observation, namely, that the 
sciences mutually assist each other. We have seen how 
Arithmetic and Algebra aid Geometry, and how both the 

Surely Mathematical Sciences aid Mechanical Philosophy, 
fechanical Philosophy, in like manner, assists, though, in 
the present state of our knowledge, not very considerably, 
both Chemistry and Anatomy, especially the latter ; and 
Chemistry very gready assists both Physiology, Medicme, 
and all the branches of Natural History. 

The £rst great head, then, of l^^itaiA ?«A«Qa^O& ^^ 
chanicaj Philosophy ; and it consvsXs ol N«fvo\x& 'S^^ 

14 
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sions, eacii forming a science of great importance. The 
most essential of iheEe, and which is indeed Auidameata^, 
and applicable to all the rest, is called Dynamics, from tfa* 
Greek word signifying power or force, and it teaches t' 
laws of motion in all its varieties. The case of the s 
throiTO forward, which we have already mentioned r 
than once, is aji example. Another, of a more get 
nature, but more difficult to trace, and far more importaEft 
in its consequences, Eind of which, indeed, ihe former if 
only one particular case, relates to the motions of al] bo* 
dies, which are attracted (or influenced, or drawn) by Bnj»- 
power towards a certain point, while they are, at me saraa 
time, driven forward by some push given to tliem at firsts 
and continuing to act on them while they are drawn towsrdft 
die point. The Lne in which a body moves while sO: 
drawn and so driven, depends upon tiie force it is pushetl 
with, the directian it is pushed in, and the kind of powfl^ 
that draws it towards ihe point ; hut, at present, we ati 
chiefly to regard iJie latter circumstance, the attraction V», 
wards tlie point. If this attraction be uniform, that is, thfl 
same at all distances from ilie point, tlie body will move Ed 
a circle, and the point to which it is constantly drawn w™ 
be the centre of the circle. Thus, a stone in a slin_ 
when whirled round Uie hand, moves for this reason b ll 
circle, while it remaiiis in the slbg ; the force lliai C 
it towards die hand being always the same, and the h«i 
eitlicr stopping after setting tho atone a-whirling, in whic 
case it is tlie centre of the circle, or going round in a smel^ 
er circle, in whicli case the point is the centre of the twi 
circles, tlie one the stone whirls round in, and the one th 
hand moves round in. (Of course we speak not now fA 
tlie line ihc stone moves in after leaving the sling ; tbu I 
a parabola, as before stated^ If the force that draws thl 
moving body changes at diflerent distances, so as to makl 
the body move quicker, by drawing it more stroi^^ » 
wards the point, the nearer it is to Uiat point, then the bo<i] 
nill move, not in a circle, \ml m ovhet tutve lines of rr^* 
rinm kinds, according as tlie pTovo^™> ^^ '^* fe«».^n■ft 
ifcMjice variesi, antl according ^!^ao\o^\\« *;\TeKus«\A 
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forward push, and the force with which it was originally 
^ven. If the force drawing towards the point is such, that, 
at two feet from the point, it is four times less than at one 
foot I at three feet, nine times less ; at four feet sixteen 
times less; and so on, always lessening in the same pro- 
pordcm, that is, as the squares of the distances increase ; 
and if die body is pushed forward with a particular degree 
of force ; the line in whicli it moves will go round the 
point, but it will not be a circle ; it will be an oval or el- 
npse ; the curve described by means of a cord fixed at 
bodi ends, in the way we have already explained ; the 
point of attraction will be nearer one end of the ellipse than 
ifae other, and the time the body will take to go round, 
compared with the time any other body would take, mov- 
bg at a difierent distance from the same point of attrac- 
tion, but drawn towards that point witli a force which bears 
the same proportion to the distance, will bear a certain 
proportion, discovered by mathematicians, to the average 
distences of the two bodies from the point of common at- 
traction. If you multiply the numbers expressing the 
times of going round each by itself, the products will be to 
one another in the proportion of the average distances mul- 
tiplied each by itself, and that product again by the dis- 
tance. Thus, if one body take two hours, and is five yards 
distant, the other, being ten yards off, will take something 
less than five hours and forty minutes. 

Now, this is one of the most important trudis in the 
whole compass of science ; for it does so happen, that the 
force with which bodies fall towards the earth, or what is 
caUed their gravity^ the power that draws or attracts them 
towards the earth, varies with the distance exactiy in the 
proportion of the squares, lessening as the distance in- 
creases : at two miles fi-om the eartii, it is four times less 
than at one mile ; at three miles, nine times less ; and so 
forth. It goes on lessening, but never is destroyed, even 
at the greatest distances to which we can reach, and there 
can be no doubt of its extending indefin\le\y\i^"^CKA* ^\s\.^ 
bjr astronomical observations made upow \i\e xcvctossa o^"^^ 
Aeavealjr bodies, upon tliat of the rnootv fot \tv&\»svc:»^'^ 
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proved that her movement is slower and quicker ai dif-.- 
ent parts of her course, in the same manner as a boc;.- 
motion on the earth would be slower and quicker, accoc- 
inz to its distance &om the point it was drawn towartiSi 
provided it was drawn by a lorce acting in the propoctiob 
ro the squares of the distance, which we have frequeoK 
mentioned ; and the proportion of the time to the disonce 
is also observed to agree with the rule we have reianc 
to. Therefore, she is shown to be attracted towards uk 
r:Hrth by a force that varies according to the same propor- 
tion in which j^avity varies ; and she must consequemlj 
move in an ellipse round the earth, which is placed in a 
point nearer the one end than the other of that curve. Ifl 
like manner, it is shown that the earth moves round ix 
'iwn in the same curve line, and is drawn towards the sus 
by the same force ; and that all the other planets in their 
courses, at various distances, follow the same rule, mono; 
in ellipses, and drawn towards tiie sun by the same kind 
of fKjwer. Three of them have moons like the eanb. 
im\y more numerous, for Jupiter has four, Saturn seven. 
:infl Hcrschel six, so very distant that we cannot see them 
without the help of glasses; but all those moons mo\e 
round their principal planets, as ours does round the earth, ' 
i*i ovals or ellipses; while the planets, viith their moons. 
movfi in their ovals round die sun, like our own earth Hith 
its tiuxm. But tliis power, wliich draws tliem aU towards 
iIk; sun, and regulates dieir path and dieir motion round 
liiin, and which draws die moons towards tlie principal 
planets, and regulates their modon and path round diose 
planets, is tiic same with the gravity by which bodies fall 
tow anis die earth, being attracted by it. Therefore, die 
\\lioI(; of Uic heavenly bodies are kept in their places, and 
u'Ikm;! round die sun, by the same influence or power thai 
makes a stone fall to the ground. 

h is usual to call die sun, and the planets which wiil^ 

thcMF moons move round him, (twelve in number, includuif^ 

>)i/; four lately discovered, and the otve diacovered by Her- 

>f'hrl,) thv. Solar System^ because >ivc^ ^t^ ^ cNas-a Ck\ '^ 

Jirnvrnly IhhUcs (ar apart from \i\e luuuwvet^Vi ^TLQi^«»sv» 
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and so near each other as to exert a perceptible influence 
on <»ie another, and thus to be connected together. The 
Ccmets belong to the same intern, according to this man- 
ner of viewing the siibject. They are bodies which move 
in elliptical paths, but far longer and narrower than die 
curves in which the earth, and the other planets and their 
mocHis roll. Our curves are not much less round than cir- 
cles ; the paths of the comets are long and narrow, so as, 
in manyplaces, to be more nearly straight lines dian cir- 
cles. They differ from the planets and their moons in 
another respect ; they do not depend oYi the sun for the 
light they give, as our moon plainly does, being dark when 
the eardi comes between her and the sun ; and as the 
other planets do, tliose of them that are nearer the sun than 
we are, being dark when they come between us and him. 
But the comets give light always of themselves, being ap- 
parently vast bodies heated red-hot by coming in their 
course far nearer the sun than the nearest of the planets 
ever do. Their motion is much more rapid than that of the 
planets : they botli approach the sun much nearer, retreat 
from him to much greater distances, and take much longer 
time in going round him than any of the planets do. Yet 
even these comets are subject to die same great law of 

K.vitation, which regulates the motions of the planets. 
eir year, the time tibey take to revolve, is in some cases 
75, in others 135, in others 300 of our years; their dis- 
tance is a hundred times our distance when furdiest off, 
and not a hundred and sixtieth of our distance when near- 
est the sun ; their swiftest modon is above twelve times 
swifter than ours, although ours is a hundred and forty times 
swifter than a cannon ball's ; yet their path is a curve of 
the same kind with ours, though longer and flatter, differ- 
ing in its formation only as one oval differs from another 
by the string you draw it vith having the ends fixed at two 
points more distant from each other ; consequendy the sun, 
being in one of those points, is much nearer the end of the 
path the comet moves in, than he is new \5aft cw^ cil ^\«. 
path. The motion, too, follows the sarae tvi\e,\i€\sv^"S«irSx- 
er the nearer the sun ; the attraction oi \!ti^ ^vxsv n WR«» ^ 

J4 * 
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wdbg to the squares of die distances, being four urn 
less at twice the distance, nme times less at thrice, and s 
on; and the proportion between the times of revolving an 
the distances is exactly the sanie, in the case of those n 
mote bodies, as in that of the moon and the eartb. Oc 
law prevails over all, and regulates their motions as well M 

" our own ; it is the gravity of the comets towards die s"* 
and they, like our own earth and moon, wheel round I 
in boundless space, drawn by the same force, acting by th< 
same rule, which makes a sione fall when dropped fi 
the hand. 

The more full and accuraie our obsen'ations are uprt 
these heavenly bodies, the better we find all their inouor^ 
agreeing with this great doctrine ; although, no doutl 
many things are to be taken into the account bedde th 
force that draws them to their diiferent centres : thus, \rfiill 
the moon is drawn by the earth, and the eanh by the si 
tile moon is also drawn directly by the sun ; and wt 
Jupiter is drawn by the sun, so are his moons ; and boli 
Jupiter and his moons are rlraivn by Saturn : nay, as tl " 
power of gravitation is quite universal, and as no body c 
attract or draw another without being itself drawn by tJ 
other, the earth is draivn by the moon, while the moon i 
drawn by the earth ; and the sun is attracted by the planel 
which he draws towards himself. These mutual i " 
tions give rise to many deviations from the simple lii 
the ellipse, and produce many irregularities in the a 
calculation of the dmes and motions of the bodies tfaat cent 
pose the system of t!ie universe. But the extraordinan 
powers of investigation applied to the subject by the mod 
em improvements in Malhematlcs, have envied us i 
length to reduce even the greatest of tlie irregularities M 
order and sjslem ; and to unfold one of the most h 
ful truths in all science, namely, that by certai 
consequences of the simple fact upon which the whcde G 
brie rests, — the proportion of the attractive force to tl 

distances at which it operates, — a\L \lie iire^larities whic 

"f first seemed to disturb ihe ordcT o^ ^ sj^wjci^mAs 

' '' o. t/je appearances deparx ttom i\\e 6w,vcto»,^» ^ 
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selves subject to a certain fixed rule, and can never go be- 
vond a particular point, but must begin to lessen when they 
have slowty reached tliat point, and tlien lessen until they 
reach another point, when they begin again to increase ; 
and so on, for ever. Thus, the planets move in ovals, 
from ^vity, the power that attracts them, towards the sun, 
combmed with the original impulse tliey received forwards ; 
and the disturbing forces are continually varying the course 
of the curves or ovals, making them bulge out m die mid- 
dle, as it were, on the sides, though in a very small pro- 
portion to the whole lengdi of the ellipse, lue oval thus 
bulging, however, its length never alters, only its breadth, 
and that breadth increases by a very small quantity yearly 
and daily ; after a certain number of years it becomes as 
great as it ever can be ; then the alteration takes a contra- 
ry direction, and die curve gradually flattens as it had 
bulged ; tiU, in the same number of years which it took to 
bulge, it becomes as flat as it ever can be, and then it be- 
gins to bulge again, and so on for ever ; and so of every 
other disturbance and irregularity in the system. What at 
first appears to be some departure from the rule, when 
more fully examined, turns out to be only a consequence 
of it, or a result of a more general arrangement springing 
from the principle of gravitation ; an arrangement of which 
the rule itself, and the apparent or supposed exception, 
form parts. 

The power of gravitation, which thus regulates the whole 
system of the universe, is found to rule each member or 
branch of it separately. Thus, it is demonstrated, that the 
tides of the ocean are caused by the gravitation which at- 
tracts the water towards the sun and moon ; and the figure 
both of our earth and of such of tlie other bodies as have a 
spinning motion round their axis, is determined by gravita- 
tion ; they are all flattened towards the ends oi die axis 
they spin upon, and bulge out towards the middle. 

The great discoverer of the principle on which all these 
truths rest. Sir Isaac Newton, certainly by fee \i\a xftw^ 'e^- 
traordiiiary man that ever lived, concYuA^dk. Vj \^%.'bcs«sa5| 
upon the nature of motion and mattfit \!tv^\. ^^ ^^sSN.^^^ 
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must take place in our globe : every one before his line 
had believed the earth to be a perfect sphere or dobt 
chietlv from observing the round shadow which it case a 
the moon in eclipses ; and it was many years after is 
death that the accuracy of his opinion was proved by mea- 
surements on the eartli's surface, and by the differed 
weieht and attraction of bodies at the equator, where ii 
bulges, and at tlie poles, where it is flattened. The in- 
liro\ erl telescopes have enabled us to ascertain the same 
fart with respect to the planets Jupiter and Saturn. 

Beside unfolding the general laws which regulate the 
motions and figures of die heavenly bodies forming our so- 
lar system, Astronomy consists in calculations of the places. 
times, and eclipses of those bodies, and their moons or 
aate/lltes, (from a Latin word, signifying an attendant;) 
and in observations of the fixed stars, which are innumera- 
ble assemblages of bodies, not moving roimd die sun as 
o'lr f-arth and die other planets do, nor receiving the lishi 
ilu'v shine with from his light; but shining, as die sun and 
tlio comets do, with a light of their own; and placed, to 
all appearance, immoveable, at immense distances from our 
world, that is, from our solar system. Each of them i? 
probably the sun of some other system like our own, coni- 
I>os(?d of planets and their moons, or satellites ; but so ex- 
\rvAnv.\y far off from us, that they all are seen by us like 
one point of faint light, as you see two lamps, placed a few 
inrlies asunder, only like one, when you \'iew them a great 
way off. The numbers of the fixed stars are prodigious : 
even to the naked eye they are verj' numerous, about 3lK"H» 
b(;in£^ thus visible ; but when the heavens are viewed 
through the telescope, stars become visible in numbers 
wholly incalculable : 2000 are discovered in one of the 
small collections of a few visible stars called Constellations: 
nay, what appears to die naked eye only a light cloud, a> 
the AJilky tvay, wiien viewed dirough a telescope, proves 
to b(? an assemblai^e of innumerable fixed stars, each of 
them in all likeliiiood a sun and a system like the rest, 
thoutrji at nil /nHneasura\)le iVisUmee ^rotv\ ovvt^i. 
TJw size, nnd iiiolions, ani\ d\sl«Lt\ccs vj^ v\\^ \\*i«K«^ 
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bodies are such as to exceed tlie power of ordinary imagi- 
natioa, firom any comparison with the smaller things we see 
around us. The eardi's diameter is nearly 8000 miles in 
length ; but the sun's is above 880,000 miles, and the bulk 
of me sun is above 1,300,000 times greater than that of 
the earth. The planet Jupiter, which looks like a mere 
speck, firom his vast distance, is nearly 1300 times larger 
than the earth. Our distance from the sun is above Ufi 
minions of miles ; but Jupiter is 490 millions, and Saturn 
900 millions of miles distant from the sun. The rate at 
which the earth moves round tlie sun is 68,000 miles an 
hour, or 140 times swifter than the motion of a cannon- 
ball ; and the planet Mercury, tlie nearest to die sun, 
moves still quicker, nearly 110,000 miles an hour. We, 
upon the earth's surface, beside being carried round the 
sun, move round the earth's axis by the rotatory or spin- 
ning motion which it has ; so that every 24 hours we move 
in mis manner near 14,000 miles, beside moving round tlie 
sun above 1,600,000 noiles. These motions and distances, 
however, prodigious as they are, seem nothing compared 
to those oT the comets, one of which, when furthest from 
the sun, is 11,200 millions of miles from him; and when 
nearest the sun, flies at the amazing rate of 880,000 miles 
an hour. Sir I. Newton calculated its heat at 2000 times 
that of red-hot iron ; and that it would take thousands of 
years to cool. But the distance of the fixed stars is yet 
more vast : they have been supposed to be 400,000 times 
further firom us than we are from the sun, that is 38 mil- 
lionS of millions of miles : so that a cannon-ball would take 
between four and five millions of years to reach one of 
them, supposing there was nothing to hmder it fix)m pursu- 
ing its course thither. 

Astronomers have, by means of their excellent glasses, 
aided by Geometry and calculation, been able to observe 
^^t only stars, planets, and their satellites, invisible to the 
leaked eye, but to measure the height of mountains in the 
^oon by observations of the shadows which these eicimftw- 
Cses cast on her surface ; and they \iave tfvs»c«N«t^^ n^^*^- 
fyaes, or hurnhig jiiouiitains, on tlie san\e\iodi^. 
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iThe tables which they have by the same n 
enabled to form of tlie heavenly motions, are of gi'eat m 
ia navigation. By means of die eclipses of Jupiter's s 
lilEU, aud by the tables of tbe moon's motioD, we can a] 
ceitab llie position of a sliip at sea; forlJie observatioa d 
the sun's height at mid-day gives the latitude of the plaw 
iliat is, its distance from the etjuinoctial or equator, the lini 
passing through the middle of the eartli's surface ; an 
iliese tables, witli the observations of tbe satellites, or vaowf 
give the distance east and west of tbe ohseri'Story for whic 
the tables are calcidated ; what is called llie longituih o, 
ilie place : consequendy the mariner can ibus tell nuar^ 
in n-Iiat part of the ocean be is, bow far he has sailed (rom 
Ills port of departure, and how far he nnist sail, and in 
what directioQ, to gain tbe port of his destination. Tba 
advantage of tliis knowledge Is therefore manifest in tba 
common affairs of life ; but it sinks into insignificance comr' 
pared with the vast extent of Uiose views which the coo-i 
lemplations of tlie science afford, of numberless workfi 
ttUing die immensi^ of space, and all kept in their places 
iind adjusted in their prodigious motions by the same sL " 
pie principle, under the guidance of an all-wise and t 
powerful Creator. 

We have been conaderine the a]»plication of Dynamics II 
tl)emutioDSof the heavenly bodies, wliich forms tbe saenei 
of Phyncal Astronomy. The apphcation of Dynamics t( 
tliti calculation, production, and direction of motion, foni 
tlie science o[ Mechanics, sometimes called PractiaalM 
rJianics, to distinguish it from tlie more general use of ll 
word, which comprehends every thing that relates lo nt 
tion and force. The fundamental pnnciple of the scicai 
upon which it mainly depends, flows immediately from < 

Eroperiy of die circle already mentioned, and which, pw 
aps, appeared at the moment of little value, that ih 
lengths of circles ai'e in proportion to their diameters. Ob 
serve bow, upon diis simple trutli, nearly tbe whole e| 
those contrivances are built by which the power of nm i 
increased, as far as soM maUet «:^v^%^um'-ca«.:iS£tidiDKlt 
" nearly tlie whole of \!hQSc iotV,TVfte,s,V«>,'ys^ ■^is&.> 
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is enabled to explain the voluntary motions of animals, as 
&r as those depend upon their own bodies. There can be 
nothing more instrucdve in showing the importance and 
fhntfulness of scienufic truths, however trivial and forbid- 
dmg they may at first sight appear. For it is an imme- 
diate ccmsequence of this property of the circle, that if a 
rod of iron, or beam of wood, or any other such solid ma- 
terial, be placed on a point or pivot, so diat it may move 
as the arms of a balance do round its centre, or a see-saw 
board does Totaid its prop, the t^vo ends will eo through 
parts of circles, each prc^rtioned to that arm of the beam 
to which it belongs ; die two circles will be equal if the 
pivot is in the centre or middle point of the beam ; but if 
it is nearer one end than die other, say three times, that 
end will go through a circular space, or arch, diree times 
shorter thm the cu-cular space die odier end goes through 
in the same dme. If, then, the end of the long beam goes 
through three times die space, it must move with diree 
times the swiftness of the sliort beam's end, since bodi 
move in the same rime ; and therefore any force applied 
to the long end must overcome the resistance of three times 
that force applied at die opposite end, since the two ends 
move in contrary directions ; hence one pound placed at 
the long end would balance diree placed at the short end. 
The beam we have been supposing is called a Lever, and 
the sam^ rule must evidently hold lor all proportions of the 
len^s of its beams. If, then, die lever be 17 feet long, 
and the pivot, or fulcrum, (as it is called, from a Latin 
word sigmf3ring support,) be a foot from one end, an ounce 
placed oil the odier end will balance a pound placed on 
the near end ; and the least additional weight, or the slight- 
est push or pressure on the far end, so loaded, will make 
the pound weight on the odier move upwards. If, instead 
of an ounce, we place upon the long end the short end of 
a second beam or lever supported by a fulcrum, one foot 
from it, and then place the long end of this second lever 
upon the short end of a third lever, whose fwlcxvyKv^s* <5Ksfc 
foot Grow it; and if we put on the end ot \!tvv3> ^\^\«^^^'^ 
long arm an ounce weight, tliat ounce wSV ycvon^ x^y^*^^^ ' 
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Kbound on ihe second lever's long arm, and this n: 
pmrds will cause the short arm to force downwards 
Mounds at the long end of the first lever, which will mi 
^Ae short end of the first lever move upwards, ihou^^ S 
rpounds be laid on it ; the same thing continuing, a poll 
|!t»i the long end of the third lever will move a ton and tin 
I quarters at the short end of the first lever ; that is, i 
^'balance it so that the slightest touch or pressure vmh i 
Wnger, or a touch from a child's hand will move as fflU 
■JH two horses can draw. The lever is called on this a 
Moount a. mechanical power ; and there are five other [ 
Bgianical powers of which jts properties form the found 
^Bon ; indeed they may he resolved. into comhinatiwisi 
Bevers. Tlius the wheel and axle is only a lever mori 
Round an axle, and always retaining the eSect gained d 
Big every part of the motion, by means of a rope wo« 
noiiud the butt end of the axle ; the spoke of the wh 
Heing the long arm of the lever, and the half diameter 
pihe axle its short arm. By a combination of levers, whw 

Siullies, so great an increase of force is obtained, that, I 
or the ohstrucfion from friction, and the resistance (J" i 
air, there could be no bounds to the effect of the sm 
force thus multiplied ; and to this fiindaniental princji 
Archimedes, one of the most illustrious mathematictans 
ancient times, referred, when he boasted, that if be u 
had a pivot or fulcrum whereon he might rest his madii 
ry, he could move the earth. Upon so simple a tn 
assisted by the aid derived from other means, rests 
whole fabric of mechaiiical power, whetlier for nu" 
weights, or cleaving rocks, or pumping up rivers, "from 
bowels of die earth; or, in short, performing any of tl--_ 
works to which human strength, even augmented by i 
help of the animals whom Providence has subdued 10 
use, would prove altogether inadequate. 

The application of Dynamics to the pressure and 
' ^u' 



dona of fluids, constitutes a science which 
^ntappeUationsaccord\ngaa^he?LU\4%axe tteavy andSf 
like water, or light and im'iaftAe W-e wa, 'W ^^ 
"ise it is called Hi/(lroiJi(>vnmVc8, ^tqWv *« Q(t«^- 
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signifying water and poioer, or force ; in the latter Pneu- 
matics, urom the Greek word signifying breath or air ; and 
Ifydrodynamics is divided into Hydrostatics^ which treats 
oi the weight and pressure of liquids, from the Greek 
words for balancing of water ^ and Hydraulicsy which treat 
of their motion, from tlie Greek name for certain musical 
instraments played with water in pipes. 

The discoveries to which experiments, aided hy mathe- 
matical reasoning, have led, upon the pressure and motion 
of jSuids, are of tne greatest importance, whether we regard 
their application to practical puqioses, or to the explana- 
tion of^the appearances in nature, or their singularity as the 
subjects of scientific contemplation. When it is found that 
the pressure of water upon any surface that contains it, is 
not in the least degree proportioned to its hulk, but only to 
the height at which it stands, so that a long small pipe-full, 
containmg a pound or two of water, will give tlie pressiue 
of twenty or tliirty ton ; nay, of twice or tlirice as much, 
if its length be increased, and its bore lessened, without the 
least regard to the quantity of tlie liquid : we are not only 
astonished with so extraordinary and unexpected a proper- 
ty of matter, but we at once perceive one of the great 
agents employed in the vast operations of nature, in whicJi 
the most trifhng means are used to work the mightiest ef- 
fects. We likewise learn to guard against many serious 
mischiefs in oiu- own works, and to aj^ply safely and use- 
fully a power calculated, according as it is directed, either 
to produce unbounded devastation, or to render die most 
beneficial service. 

Nor are the discoveries relating to the Air less interest- 
ing in themselves, and less applicable to important uses^ 
It is an agent, though invisible, as powerful as water, botli 
in the operations of nature and of art. Experiments of a 
simple and decisive nature show tlie amount of its pressure 
10 be between 14 and 15 pounds on every square inch ; 
but, like all odier fluids, it presses equally in every du-ec- 
tion ; so that, though on our hand \hete \s» ^ Y^^'Si^xtvi 
downwards of above 250 pounds, yet \feL\s\^ ^-^^a.^,"^ V^Ssr 
ahced by an equal pressure upwards, iiom ^'fe ^^ ^^^^i>s 
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found and getting below. If, however, the air be removed 
below, the whole pressure from above acts unbalanced : 
lienre the ascent of water in pumps, which sudc out thp 
air from a barrel, and allow the pressure upon the water to 
force it up 32 or 33 feet, timt body of water being equal 
In thi> weight of the atmosphere ; hence t!ie ascent of the 
incrciiry in the barometer but only 28 or 29 inches, mer- 
i-Tiry being between 13 and 14 times heavier tiian water. 
I fence, too, the motion of the steam-engine ; tlie piston of 
v\liicli is pressed downwards by the weight of the atmos- 
pliere from above, nil air being removed below it by first 
filling it with sieam, and then suddenly cooling and Con- 
verting that steam into water. Hence, loo, the power 
which some animals possess of walking along the perpen- 
dicular surfaces of walk, and even the ceilings of raomj, 
|]y squeezing; out the air between the inside of their fept 
and the surface of the wall, and thus being supported hy 
th(3 pressure of the air against the outside of their feet. 

The science of Optica, (from the Greek word for lee- 
ing,) which leaches the nature of light, and of the sea;*- 
lion conveyed by it, presents, of itseff, a field of unbound^ 
cd extent and interest. To it die arts, and the other 
sciences, owe those most useful instruments which htiVQ 
enabled us at once to examine the minutest parts of the ' 
structure of animal and vegetable bodies, and to calciilate 
the size and the motions of the most remote of the heavpn- 
ly bodies. Bui as an object of learned curiosity, Dodimg 
can he more singular than the fundamental truth discover- 
ed by tlie genius of Newton, — that the light, wliich we call i 
white, is in fact composed of all the colours, blended in [ 
certain proportions ; unless, perhaps, it be that aslonisUni 
ronjecnire of his unrivalled sagacity, Iw which he descriM 
the tjiflammable nature of the diamond, and its beloni^ " 
iigainst all appearance of probability, to the class ■ 
substances, by observing lliat il stood among ihein, and 
i-^iiiored from all crystals, in the degree of its aciioa ■ 
light ; n conjecture turned \n\o te«!QM?j tyj d' 
innde n tentury afterwaril^. 
k To a mail who, for ofi^ma\ ^cmaa 
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sensei is not unwortliy of being named after tliis illustiious 
sage, we owe the greater part of Electrical science. It 
treats of the peculiar substance, resembling both light and 
heat, vrfiich, by rubbing, is found to be produced in a cer- 
tain class of bodies, as glass, wax, silk, amber ; and to be 
ccHiveyed easily or conducted tlirough others, as wood, 
metals, water ; and it has received the name of Electricitjf 
from the Crreek word for amber. Dr. Franklin discovered 
that this is the same matter which, when collected in the 
clouds, and conveyed from them to the earth, we call 
l^htningy and whose noise, in darting through the air, is 
tSunder. The observation of some movements in thf' 
limbs of a dead frog gave rise to tlie discovery of Animal 
EUetricity or Galvanism, as it was at first called from tiic 
name of the discoverer ; and which has of late years givtMi 
birth to improvements that have changed the face of chemi- 
cal philosophy ; afTbrding a new proof how few tliere are 
of uie processes of nature, incapable of repaying our la- 
bour, bestowed in patiently and diligently examining ijioni. 
It is to the resuhs of the remark accidentally made upon 
the twitching in the frog's leg, not, however, hastily dis- 
missed, and forgotten, but treasured up and pursued tlirougii 
many an elaborate experiment and calculation, that we owe 
our acquaintance with tlie extraordinary metal, liquid like 
mercury, lighter than water, and more inflammable than 
phospliorus, which forms when it bums, by mere exposure 
to tlie air, one of the salts best known in commerce, and 
the principal ingredient in saltpetre. 

In order to explam llie nature and objects of those 
branches of Natural Science more or less connected wiiJi 
the mathematics, some details were necessary, as witlionl 
them it was difficult at once to perceive their importance, 
and, as it were, relish the kind of instruction which they 
afibrd. But the same course needs not be pursued with 
respect to the other branches. The value and the interest 
of Chemistry is at once perceived, when it is known to 
teach the niature of all substances, l\vc leVaXvows. ^^ ivKNsJsa 
substances to heat and to one anotiveT, ot ^^vt ^w^\sv^ 
tKms togetlwr ; the composition of t\\ose \n\vvcX\ tsa.\»x^ >$^ 
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duces in a compound state, imd the application of the ^Mk 
to the arts and manufactures. Some branches of philoso- 
phy, again, are chiefly useful and interesting to particuhr 
classes, as surgeons and physicians. Others are easily ud- 
derstood by a knowledge of the principles of Mechanics 
and Chemistry, of which they are applications and exam- 
ples ; as those which teach the structure of the earth and 
the changes it has undergone ; the motions of the muscles, 
and the structure of the parts of animals ; the qualities of 
animal and vegetable substances ; and that department of 
Agriculture which treats of soils, manure, and machinen'. 
Other branches are only collections of facts, highly curious 
and useful indeed, but which any one who reads or listens, 
perceives as clearly, and comprehends as readily, as the 
professed student. To this class belongs Natural History, 
in so far as it describes the habits of animals and plants, 
and its application to that department of Agriculture which 
treats of catde and their management, 

IV. But, for the purpose of further illustrating the ad- 
vantages of Philosophy, its tendency to enlarge the mind, 
as well as to interest it agreeably, and afford pure and sohd 
gratification, a few instances may be given of the singular 
truths brought to light by the application of mathematical, 
mechanical, and chemical knowledge to the habits of ani- 
mals and plants ; and some examples may be added of tlv" 
more ordinary and easy, but scarcely less interesting ob- 
servations, made upon those habits, without the aid of the 
profounder sciences. 

We may remember the curve line which mathematicians 

call a cycloid. It is the path which any point of a circle, 

moving along a plane, and round its centre, traces in the 

air ; so that the nail on the felly of a cart-wheel moves in 

a cycloid, as tlie cart goes along, and as the wheel itself 

both turns round its axle, cmd is carried along tlie groiuid. 

Now this curve has certain properties of a peculiar and 

i'ory singular kind with respeex to \tvo\\ow. CSwa ^s^\l\al if 

'V/7^ hudy whatever moves *m a cyc\o\v\ >^>f \v^ wnw v;^y^ 

or sivlnrr^ together with some oV\\tn- ^ovce vx^vvm^ vv^w^V^ 
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Will go through all distances of tiie same curve in exactly 
the same time ; and, accordmgly, pendulums are ccmtrived 
to swing in ' such a manner, that they shaU describe cy- 
cloids, or curves very near cycloids, and thus move in equal 
times, whether they go through a long or a short part of 
the same curve. Again, if a body is to descend from any 
one point to any other, not in tlie perpendicular, by means 
of some force acting on it together with its weight, the line 
in which it will eo the quickest of all will be the cycloid, 
not the straight line, though that is the shortest of all lines 
which can be drawn between tlie two points ; nor any other 
curve whatever, though many are much flatter and there- 
fore shorter than the cycloid — but the cyclgid, which is 
longer than them, is yet of all curves or straight lines wliich 
can be drawn, the one the body \vill move through in the 
shortest time. Suppose the body is to move from one 
point to another, by its wciglil and some other force acting 
together, but to go through a certain space, as a hundred 
yards, the way it must take to do tliis in tlie shortest time 
possible, is by mo\'ing in a cycloid ; or the length of a 
hundred yards must be dra\vii into a cycloid, and then the 
body will descend tlirough the hundred yards in a shorter 
time than it could go tlie same distance in any other path 
whatever. Now, it is believed that birds which build in 
the rocks, drop or fly down from height to height in this 
course. It is impossible to make very accurate observa- 
tions on their flight and palli ; but lliere is a general re- 
semblance certainly between llie course they take and the 
cycloid, which has led ingenious men to adopt this opin- 
ion. 

If we have a certain quantity of any substance, a pound 
of wood, for example, and would fashion it in the shape to 
take the least room, we must make a globe of it ; it will in 
tliis figure have the smallest surface. But suppose we 
want to form the pound of wood, so that in moving through 
the air or water it shall meet with tlie least possible resist- 
ance, then we must lengthen it out for evet^V^^V^^^^^wsKs* 
not only like a Jong-pointed pin , \)ul XbAWW^x ^sA '^snxwssk^ 
longer and longer, till it is quko. a s^Ti\A^\.X\sve^ -asx^V^^' 
IT) * 
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perceptible breadth or thickness at all. If we would 
pQse of the given quantity of matter so that it shall hai 
certain lengm only, say a foot, and a certain breadth al 
thickest part, say three inches, and move through thi 
or water with the smallest possible resistance which a h 
of those dimensions can meet, tlien we must form it in 
6gure of a peculiar kind, caUed the Solid of least rt 
ance, because of all the shapes that can be given to 
body, its length and breadth remaining the same, thi 
the one which will make it move with the least resisti 
til rough tlie air, or water, or other fluid. A very difS 
chain of mathematical reasoning, by means of the hig 
branches of algebra, leads to a knowledge of the cu 
which by revolving on its axis makes a solid of this sh 
in the same way that a circle by so revolving maki 
sphere or globe ; and the curve certainly resembles cl 
ly die face or head part of a fish. Nature, therefore, 
whiph we always mean die Divine Author of nature,) 
fashioned these fishes so, that, according to mathema 
principles, they swim the most easily through the eler 
they live and move in. 

Suppose upon the face part of one of tliese fishes a & 
insect were bred, endowed with faculties sufficient to 
son upon its condition, and upon the motion of the fis 
belonged to, but never to have discovered the whole 
and shape of the face part, it would certainly complaii 
the form as clumsy, and fancy that it could have made 
fish so as to move witli less resistance. Yet if the wl 
shape were disclosed to it, and it could discover the p 
ciple on which that shape was preferred, it would at c 
perceive, not only that what had seemed clumsy was i 
fully contrived, but tliat if any other shape whatever 
been taken, there would have been an error committ 
nay, that there must of necessity have been an error ; 
that the very best possible arrangement had been adop 
So it may be with man in the Universe, where, seeing c 
^ part of tlie great system, \\e ^MvcAes ^et^\% wi*, 
J^^ff if he were permitted lo survey lihe viVvcX^, v;\i»l\ 
>eewed imperfect might appear to \>e Tvece?>^^\^' Vi 
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general perfection, insomuch Uiat any other arrangement, 
even of that seemingly imperfect part, must needs have 
rendered the whole less perfect. The common objection 
is, that what seems evil might have been avoided ; but in 
the case of the fish's shape it could not have been avoid- 
sd. 

It is found by optical inquiries, that the rays or particles 
3f light, in passing througli transparent substances of a cer- 
tain form, are bent to a point where they make an image 
or picture of the shining bodies they come from, or of the 
dail bodies they are reflected from. Thus, if a pair of 
spectacles be held between a candle and tlie wall, they 
make two images of the candle upon it ; and if tliey 
be held between the window and a sheet of paper wlien 
the sun is shining, they will make a picture on llie paper 
of the houses, trees, fields, sky, and clouds. 'J'he eye is 
found to be composed of several natural magnifiers which 
make a picture on a membrane at the back of it, and from 
this membrane there goes a ncn^e to the brain, conveying 
the impression of the picture, by means of which we see 
it. Now, white light was discovered by Newton to consist 
of difierent-coloured parts, which are diflferently bent in 
passing through transparent substances, so that die lights 
of diflferent colours come to a point at different distances, 
and thus create an indistifict image. This was long found 
to make our telescopes imperfect, insomuch tliat it became 
necessary to make them of reflectors or mirrors, and not 
of magmfying glasses — ^the same difference not being ob- 
served to affect their reflection. But another discovery 
was about fifty years afterwards made by Mr. Dollond, 
that by combining different kinds of glass m a compound 
magnifier, the difference may be greatly corrected ; and 
on this principle he constructed his telescopes. It is found, 
too, that the different natural magnifiers of the eye are 
combined upon a principle of the same kind. Thirty 
years later, a third discovery was made by Mr* Blak^ ^^ 
the greatly superior efiect which com\>m«6LO\i"& cS: ^\^<e^^^^ 
Vquids have m correcting the imperfccUow •, ^mv^^ 'coaf' 
vonderful to think, when the eye is e^^mYaedi^ v^e. fev^ 
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bonslsls of different liquids, acting natiirally upon tbe si 
wbciple which was thus recently found out m Optics 1 
Hbny ingenious mechanical and chemical experiments, 
F Again, the point to which any magnifier collects the Iffj 
If more or less distant as the magnifier is smaller or roar™ 
Kt, so thai a small globe of glass or any transpareDt » 
nmces makes a microscope. And this proper^ of S 
lieponds upon the nature of lines, and is purely of a mat 
■tadcal nature, after we hai'c once ascertained by ei 
feent, lliat light is bent in a certain way when it [ 
■H-ough transparent bodies. Now birds fl>'ing in tlie l 
fed meeting with many obstacles, as branches and leal 
H trees, require to have tlieir eyes sometimes as flat • 
K^sjble for protection ; but someOmes as round as poa 
Be, tliat ihey may see the small objects, flies and other ] 
feels, which they are cliasing through the air, and \rili 
Riey pursue with the most unerring certainty. This cot 
iDly be accomplished by giving tliem a power of eu(k 
Hianging the form of their eyes. Accordingly, tliere u^ 
fet of hard scales placed on the outer coat of Ih^r e 
Eniiid the place where tlie light liters ; and orsr A 
Ssales are drawn the muscles or fibres by which tnotm 
BDinmunicated ; so lliat, by acting witli these musdes, I 
Ktd can press die scales, and squeeze the naturd d 
w tlie eye into a round shape when h wishes to ft 
■sect through the air, and can relax the scales, in i 
B flatten the eye again when it would see n distant d) 
femove safely tJirough leaves and twigs. This pcwfif > 
Ktering the shape of the eye is possessed by birds of pi 
b a very remarkable degree. They can see the saaH 
HJects close to them, and can yet discern larger bodiK 
mst distances, as a carcass stretched upon the plain, (R 
ming fish afloat on the water. 

' A singular provision is made for keeping the stirfnoe 
llio bird's eye clean, for wiping tlie glass of the instrun 
7s it tiere, and also for protecting it, while rapidly fl_ 
liiroiigli the air and \lwous^\ \i\\cV.e\a,'»n.>i»»a. hinderit^ 
""(. Bn-dsare.fot \\iese\iut\>wiefiA«f^'''^°»*^'«*^*'''^ 
fd, a Hue membrane ov sV-miwYxvA^w — j.~ ■ 
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iBty rapidhr over the eyeball by two muscles placed in 
he back of the eye. One of the muscles ends in a loop, 
he other in a string which goes through the loop, and is 
ixed in the comer of the membrane, to pull it backward 
ind forward. If you wish to draw a thing towards an}' 
)lace with the least force, you must pull directly in tlie line 
>etween the thing and tlie place ; but if you wish to draw 
t as quickly as possible, and do not regard tlie loss of force, 
rou must pull it obliquely, by drawing it in two direclioiis 
It once. jTie a string Uf a stone, and draw it straight lo- 
VTBids you with one hand ; then, make a loop on another 
string, and running the first through it, draw one string in 
each hand, not towards you, but sideways, till both strings 
are stretched in a straight line : you will see how niucli 
swifter the stone moves than it did before when pulled 
straight forward. Now tliis is proved, by matllfematical 
reasoning, to bo the necessary consequence of forces aj)- 
plied obliquely : there is a loss of power, but a great in- 
crease of velocity. The velocity is the thing required to 
be gained in the third eyelid, and the contrivance is ex- 
Betty that of a string and a loop, moved each by a muscle, 
^ the two strings are by tlie hands in tlie case we have 
!>een supposing. 

A thira eyelid of the same kind is found in the horse, 
|iid called the haw ; it is moistened with a pulpy substance 
or mucilage) to take hold of die dust on the eyeball, and 
^pe it clean off, so that the eye is hardly ever seen willi 
itiy thing upon it, though greatly exposed from its size and 
K>sture. The swift modon of the haw is given to it by a 
;ri8tly, elastic substance, placed between the eyeball and 
be socket, and striking obliquely, so as to drive out the 
law with great velocity over the eye, and tlien let it come 
*ack as quickly. Ignorant persons when this haw is in- 
lamed from cold and swells so as to appear, which it never 
[oes in a heahhy state, often mistake it for an imperfec- 
'OD, and cut it off: So nearly does ignorance ^todwsl^^i^K. 
^me mischief as cruelty I They mi^it ?^s we^ exy\. c^S. "Ciw^ 
*toi/ of the eye, taking it for a black spoU 
If any quantity of matter, as a pound o? woodi ox \\ovk. 
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fashioned into a rod of a certain length, say one foot, tiiB 
rod will be strong in proportion to its thickness ; and, if 
the figure is die same, that thickness can only be increased 
by making it hollow. Therefore, hollow rods or tubes, of 
the same lengtli and quantity of matter, have more strei^ 
than solid ones. This is a principle so well understood 
now, that engineers make their axles and other parts of 
niacliinery hollow, and therefore stronger \Titb tiie same 
weight, than they would be if thinner and solid. Nowthe 
hones of animals are all more or less hollow ; anil rre 
therefore stronger with tlic same weight and quantity ol" 
iiiaiter than diey otherwise would be. But birds have llie 
largest bones in proportion to their weight; their bones a:^ 
more hollow than tliose of animals which do not fly ; anH 
therefore they have strengtli without having to earn' more 
weight than is absolutely necessar}'. Their quills deiire 
5«lreii2l:h from die same construction. They have anoiber 
pocuiiarity to help their flight. No other animals have ant 
communication between the air-vessels of their lunss and 
the hollow pans of their bodies ; but birds have ; and by 
ihis means they can blow out dieir bodies as we do a blad- 
der, and thus make themselves lighter when thev wou!'! 
eiilicr make their flight towards the ground slower, or rr-' 
more swiftly, or float more easily in die air. Fishes pos- 
sess a power of the same kind, though not by the same i 
means. They have air-bladders in their bodies, and cv. I 
piifl' tliem out, or press them closer, at pleasure: wIk" 
thoy want to rise in the water, they fill out the bladder, 
pncl this lia;htens them. If the bladder breaks, the fish re- 
mains at the bottom, and can only be held up bv die iw^?' 
1 slioiions exertions of the fins and tail. Accordinsly. tl''/ 
li-h. as skates and flounders, which have no air-bladder^ ' 
f-r Idrini rise from tlie bottom, but are found lying on bank: I 
in the sea, or at the bottom of sea rivers. 

If yon have a certain spare, as a room, to build up wii" 

(■ln<rt> or little cells, all of the same size and shape, iher? 

'trc only tljrcn fic^vircs \v\\\(A\ \\\\\ we\^Nct .» ^sv<6l c-waJble yot 

f') nil ih' rf)j)ni wilhovn \ov\i\^^wY*V^^'^^^NNv^«i'^^'Sft''^ 

[//'" iiJM.'I either bo si\uateb,ot ^^vK^^ol^^^^^a^^^ 
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or figures of six equal sides. With any other fij^urcs what- 
ever, space would be lost between the' cells. This is evi- 
dently true upon considering the matter ; and it is proved 
by mathemaucal reasoning. The six-sided figure is by far 
the most convenient of these three shapes, because its cor- 
ners are flatter, and any round body placed in it has there- 
fore more space, there being loss room lost in the corners. 
Likewise, this figure is the strongest of the three ; any 
pressure either from without or from witliin will hurt it less, 
as it has soraetliing of tlic strength of an arch. A round 
figure would be still stronger, hut then room would be lost 
between the circles, whereas none at all is lost with the 
six-sided figure. Now, it is a most remarkable fact, that 
Bees build their cells exactly in this shape, and thereby 
save both room and materials beyond what they could save 
if they built in any other shape whatever. They build in 
the veiy best possible shape lor their purpose, which is to 
save all the room and all the wax they can. So far as to 
the shape of the walls of each cell ; but the roof and floor, 
or top and bottom, are built en equally true principles. It is 
proved by mathematicians, that to give the greatest strength 
and save the most room, the roof and floor must be made 
of three square planes meeting in a point ; and they have 
further by a demonstration belonging to the liighest parts 
of Algebra, that there is one particular angle or inclination 
of tiiose planes to each other where they meet, which 
makes a greater saving of materials and of work than any 
other inclination whatever could possibly do. Now, the 
bees actually make tlic lops and bottoms of tlieir cells of 
three planes meeting in a point, and llie inclination or an- 
gle at which tliey meet is precisely the one found out by 
the raathenftaticians to be the best possible for savhig wax 
and work. Who would dream for an instant of the bee 
knowing the highest branches of Mathematics — ^thc fruits 
of Nekton's most wonderful discdvery — a result, too, of 
\rfiich he was himself ignorant, one of \\\?> ivyo^X c,^^vs5vfc^ 
followers having found it out ? This WxAe m^^cX^o^'s*^*^ 
9 trutli and correctness which arc c\w\\.e ^«^fe^V-> 'ClvA "^ 
cording to the principles at which m^n \y.\s» cv\-^^ ^^^"^^ 
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after ages of slow improvement in the most difficult brniickl 
of the most difficult science. But ihe mighty and nil wisE 
Creator, wlio made llie insect and the philosopher, be- 
stowing reason on tlie latter, and giving the former to work 
without it — to Him all trnths are known from all Gteraiiy. 

an intuition tliat mocks even the conceptions of the 

it of human kind. 

may be recollected, liiat when the air is exhausted or 
sucked out of any vessel, tiiere is no longer the force ne- 
cessary to resist the jiressure of the air on the outside : 
and the aides of the vessel are therefore pressed inwanl-- 
ividi violence : a flat glass iv-ould thus be broken, unless n 
were very lluck ; a round one, having the streogth of an 
arch, would resist better ; but any soft substance, as leaihet 
or skin, would be crusLied or squeezed together at once. 
If the air was only sucked out slowly, the squeezing w 
be gradual, or, if it were only half sucked out, tbe aloB I 
would only be pardy squeezed together. This is tlxUBty 
process by which ^ees reach the fine dust and juices c l | 
hollow flowers, like die honeysuckle, smd some kinds of" 
long fos-glove, which are loo narrow for them to ewaii 
They fill up the mouth of llie flower with their I: 
suck out tlie air, or at least a large part of it; this tmke 
the soft sides of the flower close, and squeezes tbe dn 
and juice towards ihe insect as well as a hand could do,ifl 
appbed to the outside. 

We may remember this pressure or weight of ihe I 
mosphere as shown by the barometer, the sucking~pt 
and the air-pump. Its weight is near 1 5 pounds on e 
square inch, so tliat if we could, entirely squeeze oat ill 
air between our two hands, lliey would chng tog;etlieririlkfl 
force equal to the pressure of double this weight, b 
air would press upon boili hands ; and if we could c 
TO suck or squeeze out the air between one liaii 
wall, Uje hand would sdck fast to die wall, fa 
on it vrt'rh tlie weight of above two hundred w . 
near 15 pounds on evei^ sv\«aie\wii«i'&a\)i 
hy a late most cvmon& &ji.'W3n o'i Sa'Vn^ 
the distinguished ana,\oraist.,\\\*\otttvi'&«X^ 
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process by which Flies and other insects of a similar de- 
scription are enabled to walk up peq^endicular surfaces, 
however smooth, as the sides of walls and panes of glass in 
windows, and to %valk as easily along the ceiling of a room 
with their bodies downwards and tlicir feet over head. 
Their feet, when examined by a microscope, arc found to 
have flat skins or flaps, like tlic feet of web-footed animals, 
as ducks and geese ; and they have towards the back part or 
heel, but inside the skin or flap, two very small toes so 
connected with tlie flap as to draw it close down upon die 
glass or wall the fly walks on, and to squeeze out the air 
completely, so that there is a vacuum made between the 
foot and the glass or wall. The consequence of this is, 
that the air presses the foot on liie wall with a very con- 
siderable force compared to the weight of die fly ; for if 
its feet are to its body in the same proportion as ours are 
to our bodies, since we could support by a single hand on 
the ceiling of the room (provided it made a vacuum) more 
thn our whole weight, namely, a weight of fifteen stone, 
the fly can easily move on four feet in the same maimer 
by help of the vacuum made under its feet. It has like- 
wise been found that some of the larger sea animals are by 
the same construction, only upon a greater scale, enabled 
Id climb the perpendicular and smooth surfaces of the ice 
hills among which they live. Some kinds of lizard have 
the same power of climbing, and of creeping with tlieir 
bodies downwards along the ceiling of a room ; and the 
means by which they are enabled to do so are the same. 
In the large feet of diese animals, the contrivance is easily 
observed, of the two toes or tightners, by which the skin 
of the foot is pinned down, and the air excluded in the act 
of walking or climbing ; but it is the very same, only upon 
a larger scale, with the mechanism of a fly's or butterfly's 
tool ; and both operations, the climbing of the sea-horse on 
4e ice, and the creeping of the fly on the window or the 
t ceiling, are performed exactly by the same power, the 
i vei^t of the atmosphere which causes the quicksilver to 
7 adBd in the weather-glass, tlie wind to w\fts\ie ^\csv\'^ ^ 
.f key-jjole, and the piston to descend in a s\,e^vcv-exv^^^- 

16 
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Although philosophers are not agreed as to the peculiar 
actions which bght exerts upon vegetation, and there ii 
even some doubt respecting the decomposidon of air and 
water during that process, one thing is undeniable, the ne- 
cessity of light to the growth and health of plants ; and 
accordingly they are for the most part so formed as to re- 
ceive it at all times when it shines on them. Their cups, 
cjul the litde assemblages of their leaves before they sprout, 
ill e found to be more or less afiected by the light, so as to 
(.pen and receive it. In several kinds of plants this is more 
cviilent than in others ; their flowers close entirely at nisht, 
:mhI open in the day. Some constandy turn round towards 
tiic light, following the sun, as it were, while he makes or 
seems to make his revolution, so that they receive the 
2:reatcst quantity possible of his rays. Thus clover in a 
field follows the apparent course of the sun. But aU lezves 
of plants turn to the sun, place them how you wiU, light 
being essential to their thriving. 

The lightness of inflammable gas is well known. When 
bladders, of any size, are filled with it, they rise upwards, 
and float in the air. Now, it is a most curious fact, ascer- 
tained by Mr. Knight, that the fine dust, by means of 
which plants are impregnated one from another, is com- 
posed of vcr}' small globules, filled with this gas — in a 
word, of small air balloons. These globules thus float from 
the male plant through the air, and striking against the fe- 
males, are detained by a glue prepared on purpose to stop 
them, which no sooner moistens the globules than, they ex- 
plode, and their substance remains, the gas flyins off which 
enabled them to float. A provision of a very simple kind 
is also, in some cases, made to prevent the male and fe 
male blossoms of the same plant from breeding together, 
this being found to hurt the breed of vegetables, just as 
breeding in and in does the breed of animals. It is 
contrived that the dust shall be shed by the male blos- 
som before the female is ready to be aflfected by it, so 
t})at the impregnation must be performed by the dust of 
some other plant, and \n \i\\s vj«l^ \3iLVfe \stfe^^ \ifc ^\^M»d. 
^7ie lifrbt gas with which the ^ohw\e^ im^ ^^^ S& tow 
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essential to this operation, as it conveys them to great dis- 
tances. A plantation of yew trees has been known, in this 
way, to impregnate another several hundred yards off. 

Tlie contrivance by which some creeper plants are ena- 
bled to climb walls, and fix themselves, deserves attention. 
The Virginia creeper has a small tendril, ending in a claw, 
each toe of which has a knob, thickly set with extremely 
small bristles ; they srow into the invisible pores of die 
wall, and swelling stick there as long as the plant grows, 
and prevent the branch from falling ; but when the plant 
dies, they become thin again, and drop out, so that the 
branch falls down. The J^anUla plant of the West Indies 
climbs round trees likewise by means of tendrils ; but when 
it has iSxed itself, the tendrils drop off, and leaves are 
formed. 

It is found by chemical experiments, that the juice which 
b in the stomachs of animals (called the gastric juice, from 
a Greek word signifying the hdly^) has very peculiar pro- 
perties. Though it is tor the most part a tasteless, clear, 
and seemingly a very simple liquor, it nevertheless posses- 
ses extraordinary powers of dissolving substances which it 
touches or mixes with ; and it varies in different classes of 
animals. In one particular il is tlie same in all animals : 
it will not attack living matter, but only dead ; the conse- 
quence of which is, that its powers of eating away and dis- 
sdving are perfectly safe to the animals themselves, in 
, whose stomachs it remains without ever hurting them. 
I This Juice differs in different animals according to the food 
i OQ which they subsist : thus, in birds of prey, as kites, 
r havrics, owls, it only acts upon animal matter, and does not 
I dissolve vegetables. In other birds, and in all animals 
'^ feeding on grass, as oxen, sheep, hares, it dissolves vege- 
k table matter, as grass, but will not touch flesh of any kind. 
i- This has been ascertained by making them swallow balls 
rr with meat in them, and several holes drilled through, to let 
?l 4e gastric juice reach the meat : no effect was produced 
K iqKm it. We may further obsei-ve, that thet^ \s> ^ \snss^ 
carious and beautiful correspondence Vketweew^Y^*^^^"®^ 
tie stomkcb of different animals and the oiOafcT ^-^sxa ^■ 
/ 
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their bodies, connected with tlie important operatioDS oi 
eating; and digesting tlieir food. The use of the juice h 
plainly to convert what tliey eat into a fluid, from wiuch. 
by various otlier processes, all tlieir parts, blood, booei. 
nuisclcs, &x;. are aftenvards formed. But the food is firs 
of all to be obtained, and then prepared by bruising, fortbe 
action of the juice. Now birds of prey have instruraenLN 
their claws and beak, for tearing and devouring their food, 
(that is animals of different kinds,) but diose instrunicui* j 
an; useless for picking up and crushing seeds : accord'ir;.- 
ly, they have a gastric juice which dissolves the animab 
tliey eat ; while birds which have only a beak fit for pecK- 
in^r, drinking, and eating seeds, have a juice that dis5olre^ 
seeds, and not flesh. Nay more, it is found that the seeo? 
must be bruised before the juice will dissolve them : ihi^ 
you find by tiying the experiment in a vessel with ih-f 
juice ; and accordingly the birds have a gizzard, and ani- 
mals which graze have flat teeth, which grind and bnii?'' 
their food before the gastric; juico is to act upon it. 

We have seen ho\v wonderfully the liee works, accord- 
ins; to rules discovered bv man thousands of vears aUi 
the insect had followed them with perfect accuracv. Th*' 
same little animal seems to be acquainted with principk- 
of which we are still ignorant. We can, by crossiiis: vary 
tlie forms of cattle with astonishing nicety ; but we havi 
no means of altering die nature of an animal once bom.b} 
means of treatment and feeding. This power, however. 
is undeniably ))ossess(.'d by the bees. When tho qiittT. 
bee is lost, by death or otherwise, they choose a jrnih I'n'n 
amonii; those which are born for workers ; they make ilirt' 
cells into one, and placing the grub there, thev build :• 
lub(^ round it; they afterwards build another cell" of a pv- 
ramidal form, into which the grub grows : they feed ii witi: i 
peculiar food, and tend it with extreme care. It become?, 
when transformed from the worm to the tty, not a worker, 
but a queen bee. 

I'hesc singular insects resemble our own species, in owe 
of our worst propensities, x\Ae d\^\K^s\\\cwv \o V5«t •, \%v^^\' 
fiftention to dioir sovrrcniin '\s oa\\va\\v eyATvioTeixwacrx ,^^wnvv': 
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-of a somewhat capricious kind. In a few hours after their 
queen is lost, the whole hive is in a state of confusion. A 
amgular humming is heard, and the hees are seen moving 
aU over the surface of the comhs with great rapidity. The 
news spread qixickly, and when the queen is restored, quiet 
immediately succeeds. But if another queen is put upon 
them, they instantly discover the trick, and, surrounding 
her, they either su^cate or starve her to death. This 
happens if the false queen is introduced within a few hours 
after the first is lost or removed ; but if twenty-four hours 
have elapsed, they will receive any queen, and obey her. 

The labomrs and the policy of the Ants are, when close- 
ly examined, still more wonderful, perhaps than those of 
the Bee, TTieir nest is a city consisting of dwelling-places, 
halls, streets, and squares, into which the streets open. 
The food they principally like is the honey which comes 
from another insect found in their neighbourhood, and which 
they*^ generally speaking, bring home from day to day as 
they want it. Later discoveries have shown that they do 
not eat grain, but live almost entirely on animal food and 
this honey. Some kinds of ant have the foresight to bring 
home the insects on whose honey they feed, and keep 
them in particular cells, where they guard them to prevent 
their escaping, and feed them with proper vegetable mat- 
ter which they do not eat tliemselves. Nay, they obtain 
the eggs of those insects, and superintend their hatching, 
and dien rear tlie young insect until he becomes capable 
of supplying the desired honey. They sometimes remove 
them to the strongest parts of their nest, where tliere are 
cells apparently fortified for protecting them from invasion. 
In those cells the insects are kept to supply the wants of 
the whole ants wliich compose tlie population of the city. 
It is a most singular circumstance in the economy of na- 
ture, that die degree of cold at which the ant becomes tor- 
pid is also that at which this insect falls into the same state. 
It is considerably below the freezing point ; so that tliey 
require food the greater part of the winlei, ^iv4>i >Jsv<i. \w- 
sects OD which tliey depend for food were noV. Vjk^X. ^&s^ 
16 * 
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during the cold in which the ants can move about, the bhl^ 
ter would be without the means of subsistence. l-^^ 

How trifling soever this little animal may appear inov |t| 
climate, there are few more formidable creatures than tk I ^ 
ant of some tropical countries. A traveller who ktdf | , 
filled a high station in the French government, Mr.lt 
louet, has described one of their cities, and, were not tk 
account confirmed by various testimonies, it might seen 
exaggerated. He observed at a great distance what seem- 
ed a lofty structure, and was informed by his guide thit "a 
consisted of an ant hill, which could not be approached 
without danger of being devoured. Its height was fiom 15 
to 20 feet, and its base 30 or 40 feet square. Its sides 
inclined like the lower part of a pyramid, the point bein£ 
cut ofif. He was informed that it became necessary to de- 
stroy these nests, by raising a sufficient force to dk a 
trench all round, and fill it with fagots, which were alK^ 
wards set on fire ; and then battering with cannon from a 
distance, to drive the insects out and make them run into 
the flames. This was in South America ; and African 
travellers have met with them in the same formidable num- 
bers and strength. 

The old writers of books upon the habits of some ani- 
mals abound with stories which may be of doubtful credit- 
But the facts now stated respecting the Ant and Bee, may 
be relied on as authentic. They are the result of verr 
late observations, and experiments made with great accu- 
racy by several most worthy and, intelligent men, and ihe 
greater part of them have the confirmation arising from 
more than one observer having assisted in the inquiries. 
The habits of Beavers are equafly well authenticated, and, 
being more ^easily observed, are vouched by a greater 
number of witnesses. These animals, as if to enable them I 
to live and move either on land or water, have two web 
feet like those of ducks or water dogs, and two like those 
of land animals. When they wish to construct a dwelling- 
place, or rather city, for it serves the whole body, they 
choose a level place wi\V\ a. sxie^rcv tvkomv^ ^^ra^Misi^ ^v 
they dam up tlie stream so ^s xo tw-s^e ^ V^Tv^.t<dsA ^- 
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form the operation as skilfully as \vc could ourselves. 
They drive into the ground stakes of five or six feet long 
in rows, wattling cacn row with twigs,' and puddling or 
filling the interstices witli clay which they ram close in, so 
as to make the whole solid and water-tight. This dam is 
likewise shaped on the truest principles ;* for the upper 
side next the water slopes, and the side below is perpen- 
dicular; the base of the dam is 10 or 12 feet thick : the 
top or narrow part two or three, and it is sometimes as 
IcMig as 100 feet. The pond being thus formed and se- 
cured, they make their houses round tlic edge of it ; they 
are cells, with vaulted roofs, and upon piles ; they are 
made of stones, earth, and sticks ; the walls are two feet 
thick, and plastered as neatiy as if die trowel had been 
used. Sometimes they have two or tiiree stories for re- 
treating to in case of floods, and tiiey always have two 
doors, one towards the water, and one towards tiie land. 
They keep their winter provisions in stores, and bring them 
out to use ; they make Uieir beds of moss ; they live oii 
the bark of trees, gums, and crawBsh. Each house holds 
from twenty to thirty, and there may be from ten to twen- 
ty-five houses in all. Some of their conmiunities are 
therefore larger than others, but tiiere are seldom fewer 
than two or diree hundred inhabitants. In working they 
all bear their shares : some gnaw the trees and branches 
with their teetii to form stakes and beams ; others roll the 
pieces to the water ; others diving make holes with their 

* If the base is 12, and the top 3 feet thick, and the height 6 feet, the 
face must be the side of a right-angled triangle, whose height is 8 feet. 
This would be the exact proportion which there ought to be, upon math- 
ematical principles, to give the greate&t resistance possible to the water 
in its tendency to turn the dam round, provi<Ied the inHterials of which 
it is made were lighter than water in the proportion of 44 to 100. But 
the materials arc probably more than twice as heavy as water, and the 
form of so flat a dike is taken, in all likelihood, in order to guard against 
a more imminent danger,— that of the dam being carried away by being 
shoved forwards. We cannot calculate what the proportions are which 
give the greatest possible resistance to this tendency, without knowing 
the tenacity of the materials, as well as their specific gravity. It may 
very probably be found that the construcivou \« ^uc^tv ^'^ \^ ^'<&^>\x^ "^^ 
/0<v/ completely against the two pressures al \\\^ ^;vrcv^<\wsi. 
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teeth to place the piles in ; others coUect and carry siooes 
and clay ; others beat and mix the mortar : and oihes 
carry it on their broad tails, and with these beat it ml 
planter it. Some superintend the rest, and make sisnk 
by sharp strokes \%ith the tail, which are carefully atteoM 
to ; die beavers hastening to the place where they ait 
wanted to work, or to repair any hole made by the water, 
or to defend themselves or make their escape, when u- 
tacked by an enemy. 

The ^tness of different animals, by their bodily struc- 
ture, to the circumstances in which they are found, pre- 
sents an endless subject of curious inquiry* and pleasinz 
contemplation. Thus, the Camel which lives in sandy 
deserts has broad spreading hoofs to support him od the 
loose soil ; and an apparatus in his body by which water 
is kept for many days, to be used when no moisture can 
be had. As this would be useless in the neighborhood of 
streams or wells, and as it would be equally so in the 
desf.Tt, where no water is to be found, diere can be no 
doubt that it is intended to assist in journeying across the 
sands I'rom one watered spot to another. "There is a sin- 
gular and beautiful provision made in this animal's foot, for 
t.nabling it to sustain the fatigues of journeys imder the 
pr(\ssiiie of its great weight. Beside the yielding of die 
bori(.-s and ligaments, or bindings, which gives elasdcit}' to 
the foot of the deer and other animals, there is in the 
caiiK I's foot, between the horny sole and the bones, a 
cushion, like a ball, of soft matter, almost fluid, but in 
which there is a mass of threads extremely elastic, inter- 
w()\'i!n with the pulpy substance. The cushion thus easily 
chaiij^cs its shape when pressed, yet it has such an elastic 
s|nin<r, that the bones of the foot press on it uninjured by 
the heavy body which they support, and this huge animal 
steps as softly as a rat. 

Nor need we i]rc. to the desert in order to witness an 

«'\am|)lc! of skilful structure in the foot : the Horse^s limbs 

clis;>lay il strikingly. The bouosot \i\e foo^ w:e uot placed 

tlinu'tly liiirlcT tho wei£;\Af, \V \\Acy weie \yv "axvvv^Vv^v ^^v 

tion, t'licy ivoiild make a Cmu y^vWvw, ^w^ es^x^j vMsCvsci 
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would cause a shock. They are placed slanting or ob- 
lique, and tied togetlier by an elastic binding on their lower 
anrfaces, so as to form springs as exact as those which we 
make of leather or steel for carriages. Then the flatness 
of the hoof which stretches out on each side, and tlie frog 
coming down in tlie middle between the quarters, adds 
greatly to the elasticity of tlie niacliiuc. Ignorant of this, 
ill-informed farriers nail the shoe too far back, fixing the 
quarters, and causing permanent contraction — so tliat the 
contracted hoof loses its elasticity ; ever)' step is a shock ; 
inflammation and lameness ensue. 

The Rein-deer inhabits a country covered with snow 
the greater part of the year. Obsene how admirably its 
hoot is formed for going over that cold and light substance, 
without sinking in it, or being frozen. The under side is 
covered entirely with hair, of a warm and close texture ; 
and the hoof, altogether, is very broad, acting exactly like 
the snow-shoes which men have constructed for giving 
them a larger space to stand on dian their feet, and thus 
to avoid sinking. Moreover, the deer spreads the hoof as 
wide as possible when it touches the ground ; but, as this 
breadth would be inconvenient in the air, by occasioning a 
greater resistance while he is moving along, no sooner does 
he fift the hoof than the two parts into which it is cloven 
fall ti^ether, and so lessen the surface exposed to the air, 
just as we may recollect the birds doing with their bodies 
and wings. The shape and structure ol' the hoof is also 
well adapted to scrape away the snow, and enable Uie ani- 
mal to get at the particular kind of moss (or lichen) on 
which he feeds. This plant, unlike others, is in its full 
growth during the winter season ; and tlie rein-deer, ac- 
cordingly, thrives from its abundance, notwithstanding the 
unfavourable effects of extreme cold upon the animal sys- 
tem. 

There are some insects, of which the males have wings, 
and tEe females are grubs or worms. Of these, the Glouo- 
«ww is the most remarkable : it is tlie female^ and tKe 
mah is a dy, which would be unable to fecA Yvstx csv3X^^\^"es^ 
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ingi as she does, in ihe dark lanes, but for the shiaiog ligl 
which she gives, to attract him. 

There is a singular fish found in the Mediterranean, 
called the Antt(i/w, from its skill in navigation. The back 
of its shell resembles the hulk of a sliip ; oh this it throws 
itself, and spreads a thin membrane to serve^-for a sail, pad- 
dling itself on with its feet as oars. 

The Ostrich lays and hatches her eggs in the sands; 
her form being ill adapted to that process, she has a natu- 
ral oven furnished by the sand, and the strong heai of the 
sun. The Cuckoo is known to build no nest for herself, 
but to lay in the nests of other birds ; but late observations 1 
show that she does not lay indiscriminately in the nests of 
all birds ; she only chooses the nests of those which hi 
bills of the same kind with herself, and therefore feed 
the same kind of food. The DiuJc, and other birds bree^ 
ing in muddy places, have a peculiar formation of the bill^ 
it IS both made so as to act like a strainer, separatiiig ttn 
finer from the grosser parts of the liquid, and it is 
furnished with nerves near the point than the bills of 
which feed on substances exposed to the light ; so that (t 
serves better to grope in the dark stream for food, being 
more sensitive. The bill of the Snipe Is covered with I 
curious net-work of nerves for the same jiurpose ; but S 
bird, (the Toucan or Egg-iucker,) which chiefly feeds oB 
the eggs found in birds' nests, and in countries where ihett 
we very deep and dark, has the most dngular provisioa el 
kind. Its bill is very broad and long ; when examio* 
lompletely covered with branches of nerves in afl 
i ; so that, by groping in a deep and dark aesti il 
can leei its way as accurately as the finest and roost ddi- 
cate finger could. Almost all kinds of birds buM tfwr 
nests ormaterlals found where they inhabit, or use the nesis 
of other birds ; but the Swallow of Java lives in roclcf 
cavenis on the sea, where there are no materiaU ai all wj 
the purpose of building. It is therefore so formed 
fieci^ie in its body a kmd oC sliroe witli which it 
nest, much prized as a ieVvcB,\K ^ocA" 
Plants, in many remaY^aV^e 
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by equally wonderful and skilful contrivances. There is 
one, die Muicipula, Fly-trap^ or Fly-catcher^ which has 
small prickles in the inside of two leaves, or half leaves, 
JQinedf by a hinge ; a juice or syrup is provided on their 
mner sunace, and acts as a bait to allure flies. There are 
several small spines or prickles standing upright in this 
syrup, and upon the only part of each leaf that is sensitive 
to the touch. When the fly therefore settles upon this 
part, its touching as it were the spring of the trap occasions 
the leaves to shut and kill and squeeze the insect ; so that 
its juices and the air arising from tiieir rotting serve as food 
to the plant. 

In the West Indies, and other hot countries, where rain 
sometimes does not fall for a great length of time, a kind 
oCplant called the Wildrpine grows upon the branches of 
the trees, and also on the bark of the trunk. It has hollow 
or bag-like leaves so formed as to make little reservoirs of 
water, the rain falling into them through channels which 
dose at the top when full, to prevent it from evaporating. 
The seed of this useful plant has small floating threads, by 
which, when carried through the air, it catches any tree in 
the way, and falls on it and grows. Wherever it takes 
root, though on the under side of a bough, it grows straight 
upwards, otherwise the leaves would not hold water. It 
holds in one leaf from a pint to a quart ; and although it 
must be of great use to the trees it grows on, to birds and 
other animals its use is even greater. Another tree, called 
the fVater-^with, in Jamaica, has similar uses ; it is like a 
vin3 in size and shape, but growing in very parched dis- 
tricts, is yet so full of clear sap or water, that on. cutting a 
piece two or three yards long, and merely holding it to the 
mouth, a plentiful draught is obtained. In the East there 
is a plant somewhat of the same kind, called the Bejuco, 
which grows near other trees and twines round them, witli 
its end hanging downwards, but so full of juice, that on 
cutting it, a plentiful stream of water spouts from it ; and 
this, not only by its touching the tree so closely must re- 
fresh h, but is a supply to animals, aivA xoxSaRN^^^r^V^^^^'* 
man on the mountains. 
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V. After the many instances or samples which have now 
been given of the nature and objects of Natural Science. 
we might proceed to a different field, and describe in th* 
same way the other grand branch of Human Knowled^. 
that which teaches tlie properties or habits of Mind — dit 
intellectual faculties of man ; diat is to say, the powers of 
his understanding, by which he perceives, imagines, re- 
members, and reasons ; — ^his moral faculties , that is to 5a\. 
the feelings and passions which influence him ; — and, la>!- 
Iv, as a conclusion or result drawn from the whole, hi.- 
fliities both towards himself as an individual, and toward.- 
others as a member of society ; which last head opens !■> 
our view tlie whole doctrines of political scienccy including 
the nature of governments, of policy, and generally of la\v^. 
But we shall abstain at present from entering at all upon 
this field, and shall now take up the subject, more particu- 
larly pointed at through the course of the preceding obser- 
vations, and to illustrate which they have been framed, 
namely, — ^die use and importance of scientific studies. 

Man is composed of two parts, body and mind, conneci- 
ed indeed together, but wholly different from one anollier. 
The nature of the union — the part of our outward and visi- 
ble frame in which it is peculiarly formed — or whether tlw 
soul be indeed connected with any particular portion of thr 
body, so as to reside there — are points as yet whollv hid 
from our knowledge, and which ai*e likely to remain for 
ever concealed. But this we know, as certainly as we 
can know any truth, that there is such a thing as the mind : 
and that we have at the least as good proof of its existi?nrt', 
independent of the body, as we have of the existence of 
the body itself. Each has its uses, and each has its pecu- 
liar gratifications. The bounty of Providence has given 
us outward senses to be employed, and lias furnisiied ilit^ 
means of gratifying them in various kinds, and in ampio 
measure. As long as wc only taste those pleasures ac- 
cording to the rules of prudence and of our duly, that i- 
in wodcrdtion for our own sukes, tvwd \\\ IvAtvulossnes*; to 
^^'ards our neighbours, we l'\\\r\\ yvwWt \\yaw i\v\\v\w >\\vj ^^wx- 
posca of our being. Hu\ the svwwvi \>ov\wV\"^v\\ V^xwx^^wM^i 
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^ has endowed us widi the higher nature also — ^with undet- 
3) standings as well as with senses — ^with faculties that are of 
{( a more exalted nature, and admit of more refined enjoy- 
^ mentS) than any die bodily frame can bestow ; and by pur- 
I suing such gratifications rather than those of mere sense, 
^ \¥e fulfil the highest ends of our creation, and obtain botli 
, a present and a future reward. These things are often 
' said, but they are not therefore the less true, or the less 
worthy of deep attention. Let us mark their practical ap- 
plication to the occupations and enjoyments of all branches 
of society, beginning witli those who form the great bulk 
of every community, die working classes, by what names 
soever their vocadons may be called — ^professions, arts, 
trades, handicrafts, or common labour. 

The first object of every man who has lo depend upon 
his own exertions must needs be to provide for his daily 
wants. This is a high and important ofiSlce ; it deserves 
his utmost attention ; it includes some of his most import- 
ant duties, both to himself, his kindred, and his country ; 
and although in performing this office, he is only influenced 
by his own interest, or by his necessities, yet it is one which 
raiders him truly the best benefactor of the community to 
which he belongs. All other pursuits must give way to 
this ; the hours which he gives to learning must be after 
he has done his work ; his independence, without which 
he is not worthy to be called a man, requires first of all 
that he should have ensured for himself, and those depend- 
ent on him, a comfortable subsistence before he can have 
a right to taste any indulgence, either of liis senses or of 
his mind ; and die more he learns — ^the greater progress he 
makes in the sciences — ^the more will he value that inde- 
pendence, and die more will he prize the industry, the 
habits of regular labour, whereby he is enabled to secure 
so prime a blessing. 

In one view, it is true, the progress which he makes in 
science may help his ordinary exertions, die main business 
of every man's life. There is hardVy awj \x^^^ <ss. oRAi^yi- 
paiioB ia which useful lessons may nol\>e\^^tYv\.>a>j ^xsx^vw 
000 science or another. The nccessWy ol ^^\«w^^ V^k \ 
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more liberal professioos is self-evident; little less manifsEl it I 
ihe use lo their members of extending ilieir knowledge I 
beyond the bronches of study, with which their several pur- I 
suits are more peculiarly conversant. But the other de--l 
parlments of industry derive hardly less benefit horn the 
same source. To how many kinds of workmen must a 
knowledge of Mechanical Philosophy prove useful ! To 
how many others does Chemistry prove almost necessary ! 
Ever}' one must with a glance perceive tliat to engineers, 
watch-makers, insti-ument-makers, bleachers, and dvcR. 
those sciences are most useful, if not necessary. Bui car- 
penters and masons are surely likely to do their work bel- 
ter for knowing how to measure, which Practical Mathe- 
matics teaches them, and how to estimate the strength of 
timber, of walls, and of arches, which they leant from 
Practical Mechanics ; and diey who work in various raeiak 
are certain lo be the more skilful in their trades for know- 
ing the nature of those substances, and the'u- relatione to 
botli heat and other metals, and to Uie airs aiid liquids they 
tome in contact with. Nay, the farm-servant, or day-la- 
bourer, whether in his master's employ, or tending the 
concerns of his own cottage, must derive great practical 
benefit, — must be both a better servant, and a more thrifty 
and tlierefore comfortable, cottager, for knowing something 
of the nature of soils and manures, which ChemisUj' 
teaches, and sometiiing of die habits of animals, and the 
qualities and growth of plants, which he learns from Natu- 
ral History and Chemistry together. In truth, though a 
man be neither mechanic nor peasant, but only one having 
a pot to boil, he is sure to learn fi^m science lessons wMcli 
wilt enable him to cook liis morsel better, save bis fiiel, 
and botli vory his dish and improve it. The art of good 
and cheap cookery is intimately connected with the princi- 
ples of chemical phUosopby, and has received tnucli, and 
will yet receive more, improvement from their epplicadon. 
Nor is it enough to say, tliat philosophers may dtscovw sU 
ibnt is nanted, and may Invent practical methods, wfaicli it 
is sufficient for the worVme mM\i»\eam \i^ to 
l^nniig iJie jjrinciples. He ■ae'J'ai wi\ ntovV s 
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is ignorant of the principles ; and for a plain reason : — ^if 
he only learn his lesson by rote, the least change of cir- 
cumstances puts him out. Be the method ever so general, 
cases 'will always arise in which it must be varied in order 
to apply ; and if the workman only knows the rule without 
knowmg the reason, he must be at fault the moment he is 
required to make any new application of it. This, then, is 
ihefint use of learning the prmciples of science : it makes 
men more skilfiil, expert, and useful in the particular kinds 
of work by which they are to earn their bread, and by 
which they are to make it go far and taste well when 
earned. 

But another use of such knowledge to handicraitsmen 
and common labourers is equally obvious : it gives every 
man a chance, according to his natural talents, of becoming 
an improver of the art he works at, and even a discoverer 
in the sciences connected with it. He is daily handling 
the tools and materials with which new experiments are to 
be made ; and daily witnessing the operations of nature, 
whether in the motions and pressures of bodies, or in their 
chemical actions on each other. All opportunities of mak- 
ing experiments must be unimproved, dl appearances must 
pass unobserved, if he has no knowledge of the principles ; 
but with this knowledge he is more likely than another person 
to strike out something new which may be useful in art, or 
curious or interesting in science. Very few great discove- 
ries have been made by chance and by ignorant persons — 
much fewer than is generally supposed. It is commonly 
told of the steam-engine that an idle boy being employed 
to stop and open a valve, saw that he could save himself 
the trouble ot attending and watching it, by fixing a plug 
upon a part of the machine which came to the place at the 
proper times, in consequence of the general movement. 
This is possible, no doubt ; though notiiing very certain is 
known respecting the origin of the story; but improve- 
ments of any value are very seldom indeed so easily found 
out, and hardly another instance can \>e xvarfta^ oS. *\ek^w 
ant discoveries so purely accidentaV, TVve^ ^\^ ^w^x^ 
made by persons of competent knovAeA^e, laxA ^V^ «:t^ 
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search of them. The improvements of the steam-engiDe 
by Watt resuhed from the most learned investigatkm of 
mathematical, mechanical, and chemical truths. AA- 
wright devoted many years, five at the least, to his inven- 
tion of Spinning jennies, and he was a man perfectly con- 
versant in every thing that relates to the constructioD of 
machinery : he had minutely examined it, and knew the 
effects of'^each part, though he had not received any thing 
like a scientific education. If he had, we should in all 
probability have been indebted to him for scientific disco- 
veries as well as practical improvements. The most 
beautiful and useful invention ojf late times, the Safety- 
lamp, was the reward of a series of philosophical experi- 
ments made by one thoroughly skilled in every branch of 
chemical science. The new process of Refining sugar, by 
which more money has been made in a shorter time« and 
with less risk and trouble, than was ever perhaps gained 
from an invention, was discovered by a most accomplished 
chemist,* and was the fruit of a long course of experi- 
ments, in the progress of which, known philosophical prin- 
ciples were constantly applied, and one or two new princi- 
ples ascertained. But in so far as chance has any thing to 
do with discovery, surely it is worth the while of those who 
are constantly working in particular employments to ob- 
tain the knowledge required, because their chances are 
greater than other people's of so applying that knowledge 
as to hit upon new and useful ideas : they are always in 
the way of^ perceiving what is wanting, or what is amiss in 
the old methods ; and they have a better chance of mak- 
ing the improvements. In a word, to use a common ex- 
pression, they are in the way of good luck ; and if they 
possess the requisite information, they can take advantage 
of it when it comes to them. This, then, is the second 
peat use of learning the sciences : it enables men to make 
improvements in the arts, and discoveries in philosophy, 
irhich may directly benefit themselves and mankind. 
Now, these are the joractical «iAN^Yv\a.^'i?, q^ learning ; 

• Edward Howard, brolVicr oC \\\c \>viVe o« ^wlA>fc, 
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but the third benefit is, when rightly considered, just as 
practical . as the other two — ^the pleasure derived from 
mere knowledge, without any view to bur own bodily en- 
joyments ; and this applies to all classes, the idle as well 
as the industrious, if, indeed, it be not peculiarly applica- 
ble to diose who have the inestimable blessing of time at 
their conunand. Every man is by nature endowed with 
the power of gaining knowledge, and the taste for it : the 
capacity to be pleased with it forms equally a part of the 
natural constitution of his mind. It is his own fault, or the 
fauh of his education, if he derives no gratification from it. 
There is a satisfaction in knowing what others know — ^in 
not being more ignorant than those we live with : there is 
a satisfaction in £iowing what others do not know — in be- 
ing noore informed than they are. But this is quite inde- 
pendent of the pure pleasure of knowledge— of gratifying 
a curiosity implanted in us by Providence, to lead us to- 
wards the better understanding of the universe in which 
our lot is cast, and the nature wherewithal we are clothed. 
That every man is capable of being delighted with extend- 
mg his information upon matters of science will be evident 
from a few plain considerations. 

Reflect how many parts of the reading, even of persons 
ignorant of all sciences, refer to matters wholly unconnect- 
&1 with any interest or advantage to be derived from the 
knowledge acquired. Every one is amused with reading 
a story : a romance may please some, and a fairy tale 
may entertain others ; but no benefit beyond the amuse- 
ment is derived from this source : the imagination is grati- 
fied ; and we willingly spend a good deal of time and a 
little money in this gratification, rather than in rest after 
fatigue, or in any other bodily indulgence. So we read a 
newspaper, without any view to the advantage we are to 
gain from learning the news, but because it interests and 
amuses us to know what is passing. One object, no doubt, 
is to become acquainted with matters relating to the wel- 
fare of the country ; but we read \Itv^ oco\Tt^\>&^^ ^^^^knsScv. 
do litde or not at all regard the pxAi^e m\Kte^^&^ «sv^ ^ 
takB a pleasure in reading them. keciv!\e\ja»^ 'Si.^<BK*3SS 
17 * 
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anecdotes, crimes, and a variety of other things amuse us, , 
independent of the information respecting public affiiirs, m ! 
which we feel interested as citizens oi the state, or as 
members of a particular body. It is of little importance to 
inquire how and why these tnings excite our attention, and 
wherefore the reading about them is a pleasure : the fact 
is certain ; and it proves clearly that there is a positive en- 
joyment in knowing what we did not know before ; . and 
this pleasure is greatly increased when the informatioD is 
such as excites our surprise, wonder, or admiration. Most 
persons who take delight in reading tales of ghosts, which 
they know to be false, and feel all the while to be silly in 
the extreme, are merely gratified, or rather occupied, with 
the strong emotions of horror excited by the momentary 
belief, for it can only last an instant. Such reading is a 
degrading waste of precious time, and has even a bad 
effect upon the feelings and the judgment. But true sto- 
ries of horrid crimes, as murders, and pitiable misfortunes. 
as shipwrecks, are not much more instructive. It may be 
better to read these than to sit yawning and idle — much 
better than to sit drinking or gaming, which, when carried 
to the least excess, are crimes in themselves, and the fruit- 
ful parents of many more. But this is nearly as much as 
can be said for such vain aVid unprofitable reading. If it 
be a pleasure to gratify curiosity, to know what we were 
ignorant of, to have our feelings of wonder called forth, 
how pure a delight of this very kmd does Natural Science 
hold out to its students ? Recollect some of the extraordi- 
nary discoveries of Mechanical Philosophy. How won- 
derful are the laws that regulate the motions of fluids ! Is 
there any thing in all the idle books of tales and horrors 
more truly astonishing than the fact, that a few pounds of 
water may, by mere pressure, without any macninery, by 
merely being placed in a particular way, produce an irre- 
sistible force ? What can be more strange, tlian that an 
ounce weight should balance hundreds oi pounds, by the 
intervention of a few bars oi \hm vtoiv^ OVi^^tve the extra- 
ordinary truths which Optical ScVeivce ^\^c«es,. C*^sk -wc^, 
thing surprise ijs more, tnan to fvtvd \h^\.\)c\^ c^:^a«t ^K. ^rfw^R. 
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b a mixture of all others — that red, and hlue, and green, 
and all the rest, merely hy heing blended in certain pro- 
pord(His, form what we had fancied rather to be no colour 
at aQ, than all colours together P Chemistry is not behind 
in its wonders. That the diamond should be made of the 
same material with coal ; that water should be chiefly com- 
posed of an inflammable substance ; that acids should be 
almost all formed of different kinds of air, and that one of 
those acids, whose strength can dissolve almost any of the 
metals, should be made of the self-same ingredients with 
the common air we breathe ; that salts should be of a me- 
HdHc nature and composed, in great part, of metals, fluid 
like quicksilver, but lighter than water, and which, without 
any heating, take fire upon being exposed to the air, and, 
by burning, form the substance so abounding in saltpetre 
and in the ashes of burnt wood : these, surely, are things 
to excite the wonder of any reflecting mind — nay, of any 
one but litde accustomed to reflect. And yet these are 
trifling when compared to the prodigies which Astronomy 
opens to our view : the enormous masses of the heavenly 
bodies ; their immense distances ; their countless numbers, 
and their motions, whose swiftness mocks the uttermost 
eflS>rts of the imagination. 

Akin to this pleasure of contemplating new and extraor- 
jdinary truths, is the gratification of a more learned curiosi- 
ty, by tracing resemblances and relations between things, 
which, to common apprehension, seem widely different. 
Mathematical science to thinking minds aflbrds this plea- 
sure in a high degree. It is agreeable to know that the 
three angles of every triangle, whatever be its size, howso- 
ever its sides may be inclined to each other, are always of 
necessity, when taken together, the same in amount : that 
any regular kind of figure whatever, upon the one side of 
a right-angled triangle, is equal to the two figures of the 
same kind upon the two other sides, whatever be the size 
of the triangle : that the properties of an oval curve are 
extremely similar to those of a curve, which appears the 
least hke it of any, consisting of two \yt%x\dBfe^ ^^ NsSskc^ 
extent, with their backs turned to e^eXvo'Osvet. ^^ '^^^ 
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I such unexiiecied resemfalaiices is, indeod, llie object of dB 
pliilflsophy ; and experimental scieuce in particular is 0^| 
cupied with such invesdgations, giving us general vienfl 
and enabling ua to explain the appearances of nature, thfl 
is, to show how one appearance 13 connected with asoib^H 
lint we are now only considering tlie gratificaiion deriv^B 
Irom learning theae things. It is surely a satisfaction, fifl 
instance, to know that the same thing, or motion.. or wh^| 
ever it is, whicli causes tlie sensation of heat, causes aUH 
(Itiidity, and expands bodies in all direcnons; that electiS 
city, ihe ligjit which is seen on tlie back of a cat wb^| 
slightly rubbed on a frosty evening, is the very same mat^ 
ler with the lighming of the clouds ; — that planis breathe 
like ourselves, but differently by day and by night ; — that 
the air which bums in our lamps enables a balloon to 
mount, and causes the globules of the dust of plants to 
rise, float through the air, and continue their race ; — in 1 
word, is the immediate cause of vegetation. Nothing can 
at first view appear less like, or less likely to be caused bj 
the same thing, than the processes of burning and of brealli- 
' ing, — the rust of metals and burning, — an acid and rust, — 
' the influence of a plant on the air it grows in by night, and 
of an animal on the same air at any time, nay, and of i__ 
body burning in that air ; and yet aU these are the s 
operation. It is an undeniable fact, that the very s 
thing which makes the fire bum, makes metals rust, brR 
acids, and causes plants and animals to breathe ; ihattha 
operatbns, so unlike to common eyes, wheji examined 1^ 
the light of science, are the same, — the rusting of met ' 
the formation of acids, — the burning of indaminable h 
— the breathing of animals, — and the growtii of platiU bf li 
night. To know this is a positive gratificatiDn. Is it Ml f 
pleasing to find the same substance in various sitiiaiioDS« 
tremely unlike each other ; — to meet with fixed sir as 
produce of burning,— of breathing, — and of vegetation jr 
to find that it is the choak-damp of mbes, — the bad eir id 
the grotto at Naples, — ^the ciwse of death in neRl 
'■: risers' rats, — and of \heW\sV. atviatvitowwH olSi 
' otiier mineral springs) NQ\iim^c5ai\ift\w»&'iJ*fc* 
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the working of a vast steam-engine, and the crawling of a 
fly upon the window. We find that these two operations 
are performed hy the same means, the weight of the atmo- 
sphere, and that a sea-horse climhs the ice-hills hy no other 
power. Can any thing be more strange to contemplate ? 
Is there in all the fairy tales that ever were fancied any 
thing more calculated to arrest the attention and to occupy 
and to gratify the mind, than this most unexpected resem- 
blance between things so unlike to tlie eyes of ordinary 
beholders ? What more pleasing occupation than to see 
uncovered and bared before our eyes the very instrument 
and the process by which nature works? Then we 
raise our views to the structure of the heavens ; and are 
s^ain gratified with tracing accurate but most unexpected 
resemblances. Is it not in the highest degree interesting 
to find, that the power which keeps this earth in its shape, 
and in its path, wheeling round the sun, extends over all 
the other worlds that compose the universe, and gives to 
each its proper place and motion ; that this same power 
keeps the moon in her path round our earth, and our earth 
in its path round the sun, and each planet in its path ; that 
the same power causes the tides upon our earth, and the 
peculiar form of the earth itself; and that, after all, it is 
the same power which makes a stone fall to the ground ? 
To learn these things, and to reflect upon them, fills the 
mind, and produces certain as well as pure gratification. 

But if the knowledge of tlie doctrines unfolded by 
science is pleasing, so is the being able to trace the steps 
by which those doctrines are investigated, and their truth 
demonstrated : indeed you cannot be said, in any sense of 
the word, to have learnt them, or to know tiiem, if you 
have not so studied them as to perceive how they are 
proved. Without this you never can expect to remember 
them long, or to understand them accurately ; and that 
would of itself be reason enough for examming closely the 
grounds they rest on. But there is the highest gratifica- 
tion of all, in being able to see d\s6ivc\i^ ^ci?»^ ^^\s!B.^%^ 'ssi 
as to be satisfied that a belief \tv the ftiOCXf«vi's» 'vb^'e 
founded. Hence to follow a demowstc^Vvow cS. ^ ^^ 
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matbcmatipal truih — lo perceive how clearly iuid liow 
evjtably one step succeeds another, and how ihe wl 
steps lead to the conclusion — to observe iiow certainlj'a 
unerringly the reasoning goes on from tilings perfectly s( 
cddent, and by the smallest addiuon at each step, evi 
one being as easily taken after the one before, as the 6 
step of all was, and yet the result being soioetbing not Oi 
far from self-evident, but so general and strange, thai ya 
can hardly believe it to be true, and arc only convinceflo 
it by going over the whole reasoniog — this operation oflh 
understanding, to those who so esercise themselves, ali*^ 
affords the highest dehght. The conienaplatinB of experi 
mental int^uiries, and the examination of reasoniog founde 
itjjon tlie lacts which our experiments and observations dir 
close, is another fruitful source of enjoyment, and nooilu 
means can be devised for either imprinting the results udq 
our memory, or enabling us really to enjoy the whole plei 
sures of science. They who found the study of so 
branches dry and tedious at the firsi, have general^ '. 
come more and more interested as they went on : ei 
difficulty overcome gives an additional relish to 
and makes us feel, as it were, that we have by our 
and labour established a right of property in Uie sutgn 
Let any man {lass an evening in listless idleness, or w 
in reading some silly tale, and compare the state of 1 
mind when he goes to sleep or gets up next morning in 
its slate some other day when he has passed a few hem 
in going through the proofs, by facts and reasoning, i 
some of the great doctrines in Natural Science, laani 
truths wholly new to him, and satisfying himself by CArel 
examination of the grounds on which loiown truths tettf- 
as lo be not only acquainted nitli the doctrines ihemMln 
but able lo show ivhy he believes them, and lo prove 1 
fore others that they are true — he iviU 6nd as great a d 
Terence as can exist in tlie same being : the digram 
between looking back upon time unproGiably wasted, ■ 
time spent in self-itnprovemoivV -. he will feel himself in 
case listless aitd Ats«>vua&fejk, \n 'Od» a^<n t^xm&m 
' lappy ; in the one case, »^ W io WS. ^'^JSRas W 
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self bumbled, at least he wiU not have earned any claim to 
bis own respect ; in the other case, he will enjoy a proud 
consciousiess of having, by his own exertion, become a 
wiser and therefore a more exalted creature. 

To pass our time in the study of the sciences, in leam- 
ii^ what others have discovered, and in extending the 
bounds of human knowledge, has, in all ages, been reck- 
oned the most dignified and happy of human occupations ; 
and the name of Philosopher, or Lover of Wisdom, is 
given to those who lead such a life. But it is by no means 
necessary that a man should do nothing else than study 
known truths, and explore new, in order to earn this high 
title. Some of the greatest pliilosophers, in all ages, have 
been engaged in the pursuits of active life ; and an assidu- 
ous devotion of the bulk of our time to the work which our 
condition requires, is an important duty; and indicates the 
possession oi practical wisdom. This, however, does by 
no means hinder us from applying the rest of our time, 
beside what nature requires for meals and rest, to the study 
of science ; and he who, in whatever station his lot may be 
cast, works his day's work, and improves his mind in the 
evening, as well as he who, placed above such necessity, 
prefers the refined and elevating pleasures of knowledge to 
the low gratification of the senses, richly deserves the name 
of a True Philosopher. 

One of the most gratifying treats which science affords 
us is the knowledge of the extraordinary powers with which 
the human mind is endowed. No roan, until ho has 
studied philosophy, can have a just idea of the great things 
for which Providence has fitted his understanding, the ex- 
traordinary disproportion which there is between his natu- 
ral strength and the powers of his mind, and the force 
which he derives from those powers. When we survey 
the marvellous truths of Astronomy, we are first of all lost 
in the feeling of immense space, and of the comparative 
insignificance of this globe and its inhabitants. But there 
soon arises a sense of gratification and of new ^Q\vd&\ ^x 
perceiving how so insignificant a creaXxite \\%a\«»w "^Si^^ \» 
'each such a Jbiowiedge of the unbooivdkftdL ^^^Xbojl cR. '^ 
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e — ^to penetrate, as it were, through all space, tsi 

3 familiar witli the ]a^vs of nature at distances i 

ous as baffle our imagination — ^to bo able to say, w 

/that the Sun has 329,630 times tlie quantity < 

r which our globe has, Jupiter 308"^, and Satni 

imes ; but thnt a pound of lead weighs at the Sun ^ 

if) ozs. K) dwts. 8 grs. and | of a grain ; at Jupiter 

1 oz. 19 dut. 1 gr. If; and at Saturn 1 lb. 3 ozs. 

>. 20 grs. tV part of a grain ; and what is far mai 

iderfiil, to discover the lairs by which the whole of thi 

t system is held together, and maintained through couni 

5 ages in perfect security and order. It is surdy n 

ian reward of our labour to become acquainted with th 

odigious genius of those who have almost exalted tli 

iture of man above its destined sphere ; and, admitted l 

fellowship with those lofder minds, to know how it coin( 

3 pass that by universal consent they hold a station apai 

ising over all the Groat Teachers ol mankind, and spok< 

of reverently, as if Newton and Ija place were not tl 

names of mortal men. 

The highest of all our gratiticutions in tlie contemplatio 
of science remains : we are raised by them to an und 
standing of the infinite wisdom and goodness which 
Creator has displayed in all his works. Not a step 
wo take in any direction without perceiving the most 
traordinary traces of design ; and the skill every w 
conspicuous is calculated in so vast a proportion ot in 
ces to promote 5 the happinoss of living creatures, and 
cially of ourselves, that u(» can fool no hesitation in 
eluding, thai if we know tlui wiiole scheme of Provif 
everj' part would be in harmony with a plan of al 
benevolence. Independently, howovor, of this mo 
soling inforonce, the delight is iiioxprossible of bei 
to follow, as it wore, with our oyc^s, the marvollou 
of the Great Architect of \:ituro, to trace the unl 
power and exquisite skill which are exhibited in t 
minute, as well as the i\V\d\uest i^iarts of his systei 
pleasure derived from x\V\s. ^uu\n \s vvsvv:v^^i\\\w.^ -a? 
'loiiSj that it never tires iW- cvy>vvi\\vv:. \^v\\ \\\« 
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low gratifications of sense in another respect : it elevates 
and refines our nature, while those hurt toe health, debase 
die miderstanding, and corrupt the feelings ; it teaches us 
to look upon all earthly objects as insignificant, and below 
our notice, except the pursuit of knowledge and the culti- 
vation of virtue— that is to say, the strict performance of 
our duty in every relation of society ; and it gives a dignity 
and importance to the enjoyment of life, which the frivo- 
lous and the grovelling cannot even comprehend. 

Let us, then, conclude, that the Pleasures of Science go 
hand in hand with the solid benefits derived from it ; that 
they tend, unlike other gratifications, not only to make our 
lives more agreeable, but better ; and that a rational being 
is bound by every motive of interest and of duty, to direct 
his mind towards pursuits which are found to be the sure 
path of virtue as well as of happiness. 
18 



AN ACCOUNT 



OF 



LORD BACON'S 



NOVUM ORG ANON SCIENTIARUM, 

OR 



NEW METHOD OF STUDYING THE SCIENCES. 



THE FIRST OR INTRODUCTORY PART. 
FROM THE BRITISH LIBRARY OF USEFUL KNOWLEDGE. 



BOMD, NATURE MINISTER ET INTERPRES, TANTUM FACIT ET INTELUGIT QTJANTU&l 
DE NATURJE ORDINE RE VEL MENTE OBSERVAVERIT ; NEC AMPLIUS SCIT, AUT 
POTEST.* ffov. Org. 

Lord Bacon was the first who taught the proper method 
of studying the sciences ; that is, he pointed out the way in 
which we should begin and carry on our pursuit of knowl- 
edge, in order to arrive at truth. He gave a set of rules 
by which mankind might deliver themselves from slavery 
to names, and from wandering among fanciful systems, and 
return once more, as little children, to the school of nature. 
The task he chose was far more useful to the world, and 
honorable to himself, than that of being, like Plato or Ar- 
istotle, the author of a new sect : he undertook to expose 
the errors of tliose who had gone before him, and to show 
the best way of avoiding them for \he iuVut^ \ \v^ \>J^^ '^^' 
principal share in pulYm^ down ti\e o\d \>viMiAXv^ ^^ ^S.^ 
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philosophy, and, with die skill of a superior architect, . 
laid the foundation and sketched the plan of another fabn' 
uid gave masterly directions to those who should coi 
after him — how, upon ihe rubs of the first, the temple 
science must be erected anew. As, in a great army, lb( 
F*re some whose office it Is to construct bridges, to cut pd 
* s moiintaius, and to remove various impediments, 
d Bacon may be said to have cleared the way to kani 
; ; to have marked out the road to tf udi ; and lo ht 
iT future travellers little else to do, than follow his insln 
_jns : he was the miner and sapper of philosophy, I 
^oneer of nature ; and he eraineiiLly promoted the dotiiira 
of man over the material world. He was the priest 
nature's mysteries; and he taught men in what maiuier til 
might discover her profoundest secrets, and interpret the 
laws which nature has received from the great Aud 
of all. 

It is [he object of this treatise to make our readers i 
quainted with Lord Bacon's philosophy, as ii ts contaifi 
in his great work, the JVopum Orgaiton ; in whidi we " 
tlie principles of that improved method of conductiag 
inquiries of science, which has now so long and " ""*" 
prevailed. To accomplish tliis design vriih die m 
it will be desirable, first, lo draw iheir altenlion, in a I 
words, to tlie state in which Bacon found the world, a». 
knowledge and science, at the time when he flounsh 
For, as the returning light appears more glorious aftw I 
sun has been eclipsed, — and the order and heauly of fan 
would look doubly striking to an eye thai had seen 
chaos from which she first arose, when all was withotit i . 
I Knd void, — so, if we glance, but for a moment, at that da 
> which so long overshadowed the human mind, i 
e birth lo so many phantoms and prodigies, uodt 
le of science, this retrospect will serve to dn>w 
learly the merits of a philosopher, who may be Tegut 
n)6 the morning star of ihal illustrious day which baa sa 
Wl^ken out upon mankind, and in the spirit of wh 
w'toethod, even tlip immortal NtwiosVSnvwA^ ev.tjkmil 
—by tlie aid of a svAi\\mu ip«wnAi>i,« 
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rod of an enchanter, dashed m pieces all the cyeleg, evku- 
des, and crystal orbs of a visionary antiquity ; and establish- 
ed die true Copemican doctrine of astronomy on the solid 
basb of a most rigid and infallible demonstration. 

Id several of tne fine arts, in which chiefly the taste and 
imagination are concerned, such as poetry, rhetoric, statuary, 
and architecture, the ancients, according to general opinion, 
have equalled, if not surpassed, any of the modems. Ho- 
mer and Demosthenes continue, notwithstanding the flux 
ciume, to retain their station as the masters of eloquence 
and song ; and those exquisite statues, the Venus and the 
ApoDo, stin command our admiration, as perfect models of 
what is chaste, and severe, and beautiful, in the art of sculp- 
ture. The ancients nobly distinguished themselves, also, in 
diose more rigorous exercises of the understanding which 
are demanded by pure mathematics ; in proof of which it 
IS sufficient to quote the name of Euclid, and of Archimedes, 
whose discoveries in geometiy and mixed science entitle 
him to be regarded as the JS/ewton of all antiquity ; but it 
was reserved for the modems to invent a calculus — a new 
and more profound arithmetic, which was called for by a 
more exact acquaintance witii nature herself, and was to 
be applied to thai more improved state of natural science 
whicn is peculiar to later times : we allude to the doctrine 
of fluxions, or the differential method of Newton and Leib- 
nitz, since cultivated, and applied to physical astronomy, 
with great success, by the French, and especially by La 
Place. In most of tliose branches of knowledge, howev- 
er, which rest on the basis of experiment and observation^ 
the ancients almost entirely failed. The case is, that to 
form theories, or systems of science and philosophy, from a 
hasty view of facts and appearances, is an easy task, since 
this can be done without the labor of close and patient 
thinking; and if antiquity be, in trutii, as Bacon himself 
represents it, but die childhood and youth of tiie world, it 
is nothing more than we might expect, that, at that period 
of its existence, imagination should prevail over reason ; 
and that the calmer and mote succe^fiXwX «^^\^\s^'5» Ci\ '^^ 
latter should not unfold tliemselves UW ^ vtvaXMX^x ^^- 
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One instance, out of many in natural science, ID8J 
mSce 10 convince the reader to what absiii'd and extran" 
guit Dotions the mind can reconcile itself, when once p 
noitted to rave into llie regions of imaginatioa, uarestrau 
by that strict and scientific method, so successfully pointei 
out by Lord Bacon, and which it is our present object t 
explain. Cosmai hidopleusiet, who lived so late as 
tixth csnlury, aHirmed that the eanli was an oblong p 
EutTounded by an impiissable ocean ; an iimneose mou. 
in the fonn of a cone, or sugar-loaf, placed in the n 
was die centre around which the sun, moon and stars dat) 
revolved : tlie bhape of this mountain, and tlie Uaniiu 
motion of the sun, accounted for the variable length of ll 
days, and the changes of tlie seasons. The heavens wei 
supposed to be an immense arch, one ade of which rest* 
on the earth, and the olber on two mighty pillars beyon 
the sea ; under this vault a inullitude ofangelic beings vet 
employed in guiding the motions of the stars. Such wi 
the theory which gmvely presented itself for adnpiin 
seven or eight centuries later in ihe world than Eiiclii 
Archimedes, and Apollonius 1 

Abundant instances of almost equal absurdity tnigbt b 
ccJlected from the opbioiis of the ancients, on various Olbl 
branches of science. Take, for example, the doctrine 
leruation, or feeling, in what was caUed the PeripaMi 
stdiool, so called from n word signifying to walk abtn' 
because it was cuslnmary for tlie disciples 10 study and iti 
pute as they walked in the Lyeieum, a place at Atba 
which was appropriated to their use. Of this Echool d.. 
founder was Arjstotlk, a man of immense genitis, nb 
obtained the greatest popularity, and the most extenrirf 
inRuence over ihe opinions of mankind, of all the philoso- 
^era of antiquity, and who held the minds of men in a 
Rind of intellectuat bondage for about tno thousand yean. 
In the Peripatetic philosophy, what takes place in iimtatien 
was tlius described : a son of images, or, a* they wen" 
Crated, sentSiU tpeiriet, that is, certain fUins of the shnpf 
of bodiea, caiae off, ll was said, ^tom fee. da«{£Wa. «C sens;, 
•III'!. arriVing at the organs wVivchviPtP, ^'oyit \n'^R\a^'<raH 
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admitted to the nerves, and by tlieni conveyed to tnc brain : 
here these images were impressed, as die engraving of a 
seal on wax, and being now refined into what were called 
intellectual speciesy the whole business of sensation and 
percepticMi was supposed to be accounted for. Thus, by. a 
jargon of words, were men taught to believe tliey under- 
stood the manner in which matter communicates with mind 
or spirit, and their operation u|ion each other, which all 
that has ever been said or written on the subject, shows to 
be inexplicable, and to be received simply as a fact in the 
constitution of sentient being. 

Up to the time of Lord Bacon, Aristotle still maintained, 
in a very great degree, his dominion in the realms of phi- 
losophy^— a dominion which, at some periods, had hern 
scarcely less absolute over the minds of men, and far wider 
and more lasting, than ever his renowned pupil Alexander 
was able to secure over tlieir bodies. Passessed of a most 
acute and penetrating mind, and a singular talent for 
minute investigations, he was (jualificd, in this respect, for 
piiilosophical inquiries, far more that ordinary men. His 
writings in natural history, in particular, constitute ii mass 
of physical and anatomical Hicls, which must have resulted 
fix)m a course of very diligent observations. Ne2;lecting, 
however, that rigid and exact practical method wliich is 
essential to all natural science, too much devoted to subtile 
distinctions of words, and too ambitious of gaining an 
ascendency over the oj)inions of mankind, he pronounced 
too boldly on natiu'c's operations, and spent his energies too 
often in useless or obscure questions. In his desire to set 
up his own dogmas, in op|K:)sition to ancient opinions, he is 
sometimes guilty of misrepresenting tlie j)liilosophers of a 
remoter antiquity ; and he frequently veils himself in an 
obscure and unintelligible jargon. Lord Bacon describes 
his propensity to tyrannize over men's minds, by saying 
that, " as though he had been of the race of the Ottomans, 
he thought he could not reign securely unless all his breth- 
t^n were slain." Cicero, who seems to have had sowve. 
respect for Aristoile^s philosophy, ack\\o\v\^^^^^ ^Kx'?^^ >kv 
his time, It was understood by very few evew. oS. >!Sx^ nJ^ 
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losophers themselves. His X.o>g^, which is pecuKartyUi k 

own, is undoubtedly a great e^rt of human m^eDiutyi 1 1^\«: 

consists in an analysis of that process of the mmd, vm Ij^' 

however rapid, and almost imperceptible, must take phoe W^. 

in all sound and correct reasoning. It furnishes the moU trj: 

to which all such reasoning may be reduced, and serves ■ | w 

a test by which the justice of an argument may be tried,! 

it be ever necessary thus minutely to put down all the stqi 

by which the conclusion is arrived at. In the discoveries 

of science, it can, of course, ajSbrd little or no assistance ; asi 

it was the mistaken attempt to employ it for this purpose, 

tliat so long excluded the proper method of entering on 

philosophical researches, and filled the minds of men vilk 

mere words and confused notions. Bacon's observatioBS 

on this subject, in his Advancement of Learnings show thtf 

his frequent condemnations of the logical philosophers weic 

levelled against the extravagant perversions of Aristotle^s 

Dialectics, with which these schoolmen were chargeable, 

and to which Aristotle himself had led tlie way. His logic 

was the enpne by which, for ages, the minds of men were 

bowitf'lied, in a manner that was altogether extraordinan', 

and diverted from thinu;s themselves to mere words. 

The philosophy of Aristotle, which it would be foreign 
to th(» purpose of this treatise more tiian to characterize 
^iiiiM-illy, without cMitering into its details, obtained the 
same credit at Rome, under the Caesars, which it harf 
already acquired in Greece; being patronized bv both 
Julius and Auaiistus. Towards the close of the fifili cen- 
tmy, the influence ol Aristotle began to prevail over that 
of Plato in the Christian world. After considerably de- 
clininu; during the sixth century, it again revived ; and in 
anotlier century it had gained such an ascendency, thai 
Aristotle seems to have been every where triumphant. 
Glosses, paraphrases, summaries, argiunents, and disserta- 
tions on his works, were compased without end, as if to 
make "darkness visii)le." Many of the inhabitants of ilic 
^^Vst learned Arabic in order to read a translation of tlitMU 
/// thnt Amojnage. T\\c IaXw vowwe w^xs tw^l^ Tcw^dvor 
niedinm of their circulatiovx, v\w\ \V^^' v^vix^ xe^^XwwftS 
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iits.of die known world. Men were every where tau^t 
^believe in matter ^ form^ znA privation^ as the origin of 
S things ; that the heavens were self-existent, incorrupti- 
t$j atid unchangeable ; and that all the stars were whirled 
ound the earth in solid orbs ! Aristotle's works were the 
reat text-book of knowledge, and his logic was the only 
veapon of truth. Men's minds, instead of simply studying 
iture, were in an endless ferment about occult qualities 
id imaginary essences ; litde was talked of but intention 
id remission^ proportion and degree, infinity^ formality, 
widdity, indimduoMty, and innumerable other abstract no- 
>ns. The Latin tongue, which was employed by these 
dbolasdcs, was converted into a barbarous jargon, which a 
joman would not have understood ; and, in the end, the 
tost sectarian bitterness was produced, sometimes ending 
I bloody contests. In the midst of these disputes, Aristotle 
as still the grand authority. Christians, Jews, and Ma- 
Dfnetans, united in professing assent to the great lawgiver 
r human opinions : not Europe alone, but also Africa and 
sia, acknowledged his dominion; and while his Greek 
riginals were studied at Paris, translations were read in 
'ersia and at Samarcand. 

The rage for disputation, which now began to prevail in 
jnsequence of the spread of this philosophy, induced tlie 
^uncil of Lateran, under Pope Innocent III., to proclaim 
prohibition of the use of the physics and metaphysics of 
Liistotle ; but, awful as were then the tliunders of die Vati- 
an, they were not mighty enough to dethrone him from 
lat despotism over men's minds, which, by long custom, 
ad now rendered itself almost omnipotent. The passion 
)r the Aristotelian subtilties had become so general, that, 
otwithstanding Pope Innocent's decree, it was soon found 
ecessary to favor publicly, m some degree at least, tlie 
tudy of their author ; and, accordingly, his Dialectics, 
^hysics, and Metaphysics, were received into the universi- 
Y of Paris by an express statute to that effect. In Eng- 
and, his doctrines were cherished w\\\\ ^s ^^^ ^^sv ^'i^'^^- 
\ess as elsewhere. From about lYve eivA. ol ^^ \.ns^&^ 
mtuij, the very name of Aristotle o^ei^V&di^^^ ^ Oc«sx 
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his writings had obtained itnivei'sal circutaUoii, and, in some 
of iho universities of Europe, slatutes were trained whicli 
required the professors to promise, on oath, that, in ibeir 
public lectures on philosophy, they would follow no oilier 
guide! 

From this period till the close of the sixleentli cenlury, 
though ilie autliority of Aristotle sdll continued in iheschooJE, 
the minds of men were gradually preparing to shake ndftus 
yoke, and a more propitious era was last Hpproschiii^. 
The revival of learning in the fifteenth century, ibe inven- 
tinn of ihe art of printmg, and the reformation, had done 
much to prepare ilie world for that new light which was a^ ■ 
terwards lo be cast over the fields nf science, hilherio C0»- | 
ered with darkness, and peopled only wilii aiiy and delusivtl 
phantoms. A few disUngulshed men — as John nfStJuUt^ 
Ty, Gfos-tcle, bishop of Lincoln, Roger Baeon, ZWtfW-l 
em Vives, and others — had taught mankind thai iieitlier the I 
decrees of the Vatican, nor those of the Grecinn school:', 
were incapable of bein" resisted. Gilbert had siicce:)sruliy , 
itivestigaied the laws of magnetic attraction, and rtimished . 
an excellent specimen of reasoning from experimeni. h J 
opposition to the system that was held by Aristotle and biifl 
followers, which made the eardi the centre of the unirers^l 
CopemioK had revived the ancient Pythagorean doctrii 
ol' the eaidi's motion round the sun, and had discovered tl 
true theory of the planets. Galileo, Krplfr, OatfftfifM 
and olliers who lived at the same lime with Bacon, were ac-J 
quiring a well-earned fame by their improvements in D 
etry and physics ; and the whole world of science I 
sighed to be redeemed from the darkness of ihe midii 
ages, and the bondage of the schools. Martin LuthtrM 
wiio had been taught the philosophy of Aristoilfl in hi*fl 
youth, had expressed his contempt for its vanities, aod i^l 
jected it with indignation. Romtf, also, had attacked ihcl 
exisiing opinions at Paiis, and disputed publicly ■ 
Aristotle's doctrines in ihe university of that city. 
inaiiy other hoiieal fo\lowcta o( Irutli, however, b lbi>l 

"Tciclied world, which \»s aiwa-j-i Wei AiNxVvvcas W^""! 

'^an lif^fti, he suffcre(\ scvetcV^ ^'^' '^i^^ ^''^^™''«" '" 
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punishmeot finr his presuming to question the infidlibility of 
the great despot of all knowledge, in an edict of the French 
pariiament, under Francis I., the said Peter Ramus is 
gravely pronounced to be '^ insolent, impudent, and a liar ;'' 
his books are, now, and for all time coming, condemned, 
suppressed, and abolished, and the author is solemnly pro- 
hibited &om copying, or even readine;, his own works. 
Bruno, Campanella, Patricius, JSHzoliuSy and some others, 
also contributed their part to undermine the influence of 
Aristotle. 

It was reserved, however, for Francis Bacon, Lord 
Verulam, to break die spell of the mighty enchanter of 
Stagira, and to give a final blow to tlie scholastic philoso- 
phy ; — to make one grand and general attempt to deliver 
men's minds from the bondage of two diousand years ; — 
to assert the right of that reason with which the beneficent 
Creator has endowed man, as above all authority merely 
human ; — and to sketch the oullijie of one grand and com- 
prehensive plan, that should include in it the endless varie- 
ties of our knowledge, and guide our inquiries in every 
branch. Born in the year 1561, and early entered as a 
student at Trinity College, Cambridge, this great genius 
soon began to feel dissatisfied with the vagueness and un- 
certainty of the existing state of knowledge, the want of 
connexion between the sciences and the arts, and the con- 
sequent uselessness of the reigning speculations as regarded 
the purposes of life. The more he thought on the subject, 
the more he was convinced of the vanity of the scholastic 
learning of the times, and of the necessity of a thorough 
reformation in the method of treating the knowledge of na- 
ture, by laying aside all conclusions not founded on obser- 
vation and experiment. He saw plainly that a great part 
of the evil lay in the extensive influence which Aristotle 
still possessed in the schools ; that nature and fact were 
neglected for the study of his doctrines, which were the ar- 
biters in all disputes ; the properties of matter, and the laws 

-of motion, by which all effects are produced^ v^ct^ V>rx. \s\. 
useless distinctions and dry definitions •, V\\e ^\Net^ ^^ "^^^ 

mind were exlmusted In grave trifl'm^ ^nd. ^c^ewxv V^^ 



i (he real advancement of hiiman knowledge was al 

her hopeless, so long as sucli a state of llun^ prevuln 

\ century or two earlier, ihe contests about names, as 

mere strife of tongues : tliey ended in actual blooddned 
while the disputants look the aide either of Occam, " ill 
most suhtilf" or Duns Scotiis, " the invindble," the fiunot 
champions of the day ; and if the din of this philosr^ihica 
or ratlier iwiphilosophicaJ war now raged no longer, — i 
those imposing titles were not now heard which had foime 
ly been bestowed on the leaders of rival parties, such as t) 
most profound, the mnrvelloua, the penpicuoiu, the irrefn 
^ablc,ihe most resolute, the (mgdiail,tiie seraphic doctor f 
It was that all inquuy bad well nigh ceased, and the mini 
of men were cast, wilh a very few exceptions, into a pn 
found slumber, and filled only with the romantic visions I 
an imaginary piiilosoptiy. Such had been il>o state < 
iJiings al tiie time of Lord Bacon; and the brief notice n 
have taken of it may serve lo throw light on tlic real valt 
of his laboTs, which had for their object die establtshmc 
of a philosophy that is, in fact, no otlier than the philosoi ' 
of reason and common sense, in opposition lo all mere 
ory and fancy, and to all imposilion. 

Under these circumstances Bacon wrote his Omnoi 
His qualifications for this bold attempt to clear die nam 
wastes of science, and lo sow llie seeds of a new creai 
of useful knowledge, will be best seen by studying lus il 
trines. We shall, therefore, now prrx^eed lo give an 
count of this most important and considerable part of 
general work, the Imtauratio Magna, or fTutauration 
Ihe Sciemei. Its title was probably su^esied by ArisWl ^^ 
Organon, containing his Logic ; it is called J^mmm Otgm 
non Seientiartim-, or A Aew Method of StudyiTig <Ae w 
(■races, from the Greek word orgnnon, which sienifios 8D r"^" 
strumcnl or machine. The grand principle which ehm 
tenzes ihis great work, and by ihe proper use of wbic& 
author proposes tlic advancemeiAof all kinds of ki»llM|, 
is ihe principle ot Itiductiou, viVvAv «*.«««, Vs*«Jlf, 
iringing in ; for the p\an a un,fo\fe "» '^V «*>■ 'wwwasQS 
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nature, and inquiring after truth, not by reasoning upon 
mere conjectiu'es about nature's laws and properties, as 

Ehilosophers had been too much accustomed to do before, 
ut by oringiiig together^ carefully and patiently, a variety 
of particular facts and instances ; viewing tliese in all possi- 
ble lights, and drawing, from a comparison of the whole, 

. some general principle or truth tliat applies to all. The 
foundation of this philosophy lies, in shoit, in the history of 
nature itself- — ^in making a laborious collection of tlie facts 
relating to any one subject of inquiry, previously to any at- 
tempt at forming a system or tlieory. Actual experiment, 
which Bacon significantly terms " asking questions of na- 
ture," must be resorted to, where experiments, as in chem- 
istry, can be made : observations must be accurately col- 
lected, in the subjects proper to tliese, as asU'onomy ; and 
conclusions are, in all cases, to be drawn only from what is 
actually ^vitnessed, after the comparison of a sufficient num- 
ber of facts, and a due regard to objections. In his treat- 
ment of this important subject of induction, a new and more 
rational employment of tlie faculties is exhibited than the 
world had ever seen ; and never before was there laid 
down to the minds of men the true tlieory of investigating 
all truth, whether natural or moral : indeed. Bacon has well 
merited the appellations he has received — the prophet of 
the arts, and the father of experimental philosophy. 

To point out the amazing success which has attended 
this system, which may be called the Baconian method, 
in the hands of the modems, were an endless task : it 
would be to give nothing less than the history of science 
for the last two hundred years. The constellation of ge- 
niuses that rose in the next age mostly looked up to Ba- 
con as their leading star. Newton himself was able lo 
outshine them all, not merely by the energy of his own 
mind, but by his imbibing most deeply the spirit of this 
philosophy. No feature of Newton's intellect was more 
remarkable than the singular command he possessed ove\: 
bb imagbatJOD, hy which he was ei\afa\ed \o q^^xnsJvsxvrX 
theories, more surprising than all the vysyow^ qS. ^'asvc,^ -> ^^ 

on a Jfbundation that must remain \iiisV\i\5.e\\ ^oVs^^ 

10 
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the human mind and truth continue what they are. We 
may name his Optics, in passing, as a triumphant exam- 
ple of the indiLCtive method, in which, by experiment and 
observation as the basis of his calculations, he has treated 
of the nature and properties of light, one of the most sub- 
tile of all things, in a mstnner that cannot fail to sur- 
prise and delight the reader — ^with so much accura- 
cy and precision is this wonderful element reduced to 
certain laws, as truly as the most gross and solid bodies. 
Having found, by very accurate experiments, that light 
always proceeds in straight lines, and that the rays of it 
are reflected and refracted according to certain fixed and 
unchanging laws, — on this experience he establishes the 
whole theory of optics, or the science of vision; and thus 
this science is founded on the induction we speak of. 

Again — ^the mere falling of a heavy body to the earth 
was found by Newton to involve principles which apply 
to all we know in mechanical philosophy ; in other words, 
the descent of a tile from a house, or an apple from a tree, 
arises from the same cause which keeps the moon from 
leaving her proper course round the earth, and which re- 
tains all the planets in their paths round the sun : this prin- 
ciple or cause is called by the name of gravity. It was known 
from observation that gravity, or a tendency to approach 
the earth, belongs, generall}'^, to all bodies near its surface; 
and it was ascertained that it is proportioned to the square 
of the distance ; that is, if a body be attracted by the earth 
at a certain distance, with a certain force, and be after- 
wards removed to twice the distance, it will now be at- 
tracted not half as much, but only one fourth as much as 
it was before ; and if it be removed to three times the fiist 
distance, it will be attracted not one third as much, hut 
only one ninth as much as before, 4 being the square of 
2, and 9 the square of 3. From these facts this migh^ 
genius suspected that the same principle might extend to 
all nature ; and thus, by the assistance of a profound gp- 
ometry, he explained l\\e rcvot\oxv?> o^ \?cv^ Keavenly bodies 
^od demonstrated the system ot \\v^ woM, 

That the rules laid dowtv \>y B^em^asA \««q. 53ss^ 
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tudied by Newton, is evident from the use he makes 
f Bacon's phraseology. In his Principia, for instance, 
e gives the same latitude of meaiiing^to the word axiom 
lat Bacon does in his Organon. Bacon, by this term, 
leans a general principle, obtained by experiment and 
jservation, from which we may safely proceed to reason 
. all other instances ; and Newton gives the name of 
ciams to the laws of motion, which, of. course, are ascer* 
Ined by the scrutiny of nature ; he also terms axioms 
lose general experimental truths, or facts, which form the 
•oundwork of the science of optics. Axiom, however, 
. the language of Euclid, and of mathematicians general- 
•, means a self-evident proposition. Mr. Dugald Stewart 
links that, in this and other instances, Newton followed 
ord Bacon's phraseology "too impUcitly." However 
lis may be, it is certain Newton was familiar with Ba- 
rn's works. 

In the chemistry of modern times, also, we have the- 
lost astonishing examples of the success of the inductive, or 
tperimental method. Until this was employed, no part 
F science was more fanciful ; so that it has justly been re- 
larked, that chemistry, in the middle ages, might be said 
> have an elective attrax:tion for all that was absurd and 
Ktravagant in other parts of knowledge. It is true that, 
efore the darkness of these ages had passed away, Para- 
ilsus conferred great benefits on the world by the appli- 
eition of chemistry to medicine ; and Van Hehnont, not- 
ithstanding the extravagancies with which his imagination 
^as filled, by the discovei*y of elastic fluids, did his part 
) form the new chemistry ; but it was the work of those 
^ho have had the opportunity of thoroughly imbibing the 
Dirit of the Baconian philosophy, as applied by Newton, 
ftectually to deliver chemistry from quackery and ro- 
lance, and to frame such a system as that which now 
xists. 

Lord Bacon, in support of the unportance of the indac- 
Ive method, lays down the following t\itidi'acKv^xv\A ^\>»six- 
Je, as his Grst and leading aphorism c.o\vc«to\s\% "^^ 
Interpretation of nature, and man's dotavmo\\ Qsex ^ ' 
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. iciple which, obvious as it seems, 

properly acted on by philosophers : — " Man, the servai 

and interpreter of nature, can only understand and act i 

proportion as he observes or contemplates the order ( 

nature ; more he can neither know nor do." This eenm 

principle of Bacon is undoubtedly the foundation ofallol 

real knowledge. The science of the pliilosopher difieiB j 

degree only, not in kind, from that information which I 

the fruit of the commonest experience. Everybody fcntw 

that cold produces ice and snow ; that the sun is higJiBr 

the sky in summer than in winter ; that in pits and mit 

the air sometimes burns, and explodes like gDRpotvde 

Now, the moment we depart from these mere facts, m 

begin- to consider their causes, and in what circunistaoc 

they are likely to happen again, we begin to apply expta 

■ — e to science — ^we reason by im^Mcdon. It cttimot i 

ibted that this inductive method is, to a certain e 

itural lo the mind. The foundation of it lies in oup e 

iting the same effects from the some cniwrw; for tbit 

le groundwork of reasoning from particular fftcis 10 gi 

end, or what is called " gencratisation." This expvctt 

tion seems to be an original principle implanted in taell 

man mind by the beneficent Creator ; and Mnihout wl 

we could Icnow nothing, and never be safe from 

It goes before experience, and is the guide of il. A 

who for the first time approaches too near the I 

^_ef any substance that is in a state of combustion, or 

^HIk, so as to hurt himself, aftenvards proverbially 

^^■b fire ; connecting in his mind the reinemlHunce of 

^Ipun he has felt, with the toucliing of any part of " ' 

with the flame. It is evident he expects the 

to follow from the same or a similar cause , 

semblance between tlie flame of a candle iind 

fire would, il is likely, put him on his guard ai 

ilar disaster from that source also. Now, this is a 

of induction, though not founiled on an enlarged 81] 

ence ; and it is probabk x\te cViii \vi\ wqw come lo L 

t/ie same fear of evctyiVtn^ beauft^ 'Ofte %yj«nsiBtil' 

Bame. He might expeci lW\ xW sianv^ "- 
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fiom contact ^\^th the flame of alcohol, or spirit of wine, 
for instance, until infomied that it was possible to toucli 
this without being burnt. Hence the necessity of a sulH- 
cient experience, before we form any general principle. 

A. remarkable instance of this necessity, and one drawn 
firom the more exact part of science, is mentioned by 
Euler, in his Memoii-s of I^erlin. It happens that in the 
formula ac'-|-a?-|-41, ifxbc made successively equal to 
0, 1,2, 3, 4, 5, etc., the results will be a series of which 
the first forty terms are all prime numbers — ^thal is, num- 
bers which have no divisors, or which cannot be divided 
into any number of equal integral parts less than the number 
of units of which they are composed : hence it may be sup- 
posed the law was general ; — or, in other words, for the sake 
of anv of our readers who have not made themselves 
acquainted with algebra, that any number whatever, mul- 
tiplied by itself, and then added to itself, together with 
the number 41, would make a prime number. It happens, 
however, that in the 'very next, or forty -first tenn, the 
result is a composite number — ^that is, a number that can 
be divided by some smaller number, without a remainder ; 
and thus the rule is false. Now, it is the great design of 
the JVovum Organum to point out the method of a strict 
and enlarged experimental or inductive reasoning, es- 
pecially, though by no means exclusively, in reference to 
f the study of physics, or natural philosophy. This work 
-i may be regarded as a more useful and more extensive 
■■ system of reasoning than any that went before it; not 
- * Consisting of syllogisms and tlic modes of argmnent that 
"7 Were then in use, which, however correct, provided the 
^.- premises be true, could, after all, only serve for the arrange- 
ment of truths alreadv known, or for detecting very 




productive of discoveries ot the higliest importance 
'•' to the general uses of human life. Tliese discovcde?* ^x.^ 
proposed to he accoin]) lis hcd by tumm^ o\3CC ^V\.^x\\.\^xn 
ixxn mere words to things th(imse\ves •, ^tov^ ^ ^^'^ 
&'vqIou5 and childish speculations \vV\\c\v ot\^^ ^^'^^ 

TO * 
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without illuminating the understanding, to a sober and 
rational method of investigating the operations and laws 
of nature, — a method well calculated to recommend itself 
to those whose only object is truth. 

Lord Bacon sets out by condemning the two opposite 
errors, which, up to his time, had proved equally injurious 
to a just acquaintance with nature ; the one that of ma- 
gisterially pronouncing on her operations, as if oJ/ were 
explored and known, and nothing further were to be 
discovered ; by which supposition all inquiry would, of 
course, be prevented as useless ; the other error that of 
the sceptic philosophers, who, proceeding to the opposite 
extreme, declared that nothing can be known, and en- 
deavored, by distrusting the clearest notices of sense and 
consciousnes, to convince themselves of this absurd and 
inconsistent notion. Those of the ancient Greeks were 
more worthy of our imitation, whose writings are now lost, 
but who seem to have held a middle course,, and, though 
they complained of the mystery in which nature often 
wrapped herself, still kcpl on their pursuit, and did not 
allow themselves long to lose sight of their object. Even 
these philosophers, however, do not appear to have 
applied a sufficient rule and method in their inquiries, but 
placed too much reliance on suhtilty of mind and random 
conjecture. The art of logic, so much extolled by the 
ancients, certainly came too late to minds already prepos- 
sessed by error : hence, by the perversion of this instru- 
ment, the aberrations of the human understanding; were 
only fixed and rendered pennanent, instead of being 
corrected and removed ; the cliains of prejudice were 
riveted, and loaded with gaudy ornaments. It is evident 
that the mind needs direction and regulation, by sonie 
right method of employing its faculties, as much as the 
body needs the assistance of tlie mechanicfil powers Tn 
raising large and heavy weip;]jts. In such a method the 
ancients were altogelUet dolic.lcnt. Yet, by way of con- 
clliation, Bacon observes \.\.v\vV.ci \s vVv\^^\feetly willicS 
to leave the ancients m \"^r)^?.es^V^vi oTv \^ ^\^ V'Ciwcsi "^^ 
is due to them. The mcOAod oi ?.a.vi^^ci,\«r^Q?«^\;V^' 
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proposed, being so little known to them, no room, he 
tXMiceives, is left for rivalship and envy. He contends 
not for victory, but for utility and truth. If any persons, 
Erom want of time, or other causes, are unable to pursue ' 
this more laborious method, he says they may still attempt 
vrfaat they can, by framing systems and theories, which 
he terms the mode of anticipation of the mind ; others, 
wrho are more worthy sons of science, must follow his 

Elan of induction, or the interpretation of nature, as it is 
ere laid down — a method on which it is the more neces- 
sary to insist, because many examples have occurred, 
aijiee Bacon's time, of the bad consequences of neglecting 
It. Of this, no less names than Descartes and Ijeibnitz 
were early examples ; men endowed with every faculty 
of the mind that most fits for philosophical investigations 
— ^with the happiest genius for science. 

The body of the Novum Organum is divided into two 
general parts. The former of these, which is intended to 
introduce the latter, is calculated to prepare the mind for 
receiving and employing the doctrine contained in the 
second part, which delivers the new method of proceeding 
in all kinds of inquiries, in order to the acquisition of a 
more accurate knowledge of the works of nature, and a 
more extensive dominion over it. As the whole book is 
quaintly divided into aphorisms, or short portions, founded 
on sententious remarks, and accompanied with illustrations, 
fve shall not attempt to conduct our readers though each of 
these portions separately, which would be almost to pre- 
sent the whole ; but, hoping that those who have the 
opportunity of doing so, will feel induced to read the 
orig'nal work, or a translation of it, for themselves, we 
sh2l simply endeavor to condense its principles, and 
ghall throw it into sections adapted to our present purpose. 

I. General Prefatory Remarks. 

The first thirty-seven aphorisms, ^VvSeXy ^^ ^sssc^ ^^^ 
ouTjflrst section of the former pari oi \\\e >«q^^^^ Ooi.^c 
)ccupied in attemptmg to remove atvcA'e:aX. ^\«^Q^R»^->^ 
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to procure a fair and candid attention to a book which, tf 
the time of its publication, must have had somuchtocoB- 
teud against. It is deplored by Bacon, that, for want of i 
right method of study, little effects had resulted, up toAe 
close of the sixteenth centur}', fix)m the labors of ma 
engaged in the pursuit of science ; for knowledge is the same 
thing as power ; and where there is little sound knowledge 
of nature, there will be little power gained over her. ifii 
must always have been the state of things, unless meins 
before untried had been employed in the improvemed 
of the sciences. That improvement could not be left 10 
mere accident as heretofore, when each following flfC 
only re-echoed the voice of the preceding, and contented 
itself with pompously extolling the existing delusin 
methods of philosophy, to the neglect of one more genu- 
ine and scientific. The philosophy of nature BacoD 
compares to " a vast pyramid, which ought to have the 
history of nature for its basis :" those w^ho strive to erect 
it by the force of abstract speculation, he likens to the 
giants of old, who, accordinp; to the poets, endeavored 
to throw mount Ossa upon Pelion, and Olympus upon 
Ossa. The only hope on which to found all real ad- 
vancement in knowledge, must arise from a strict experi- I 
mental method, that is, the examination of a sufficient 
number of particular instances on both sides the question 
at issue, so that, when all the exceptions are properly 
made, some useful and important truth may remain as a 
principle to proceed on, in further hiquiry. When exam- 
ined on this inductive principle, most of the common 
notions existing when the JVovum Organum was written. 
were quite unsatisfactory ; those, for instance, relating to 
gravitj/, attraction, the elements, matter, form — all these. 
and many more, as taught in the sixteenth centur}', were 
but ill-defined and fantastical notions. Even many of our 
common-sense ideas, as those relating to our sensations 
and reasonhigs, though they can scai'cely in themselves 
;?roarJy deceive us, yet may U\ese be much obscured and 
/forpJcxod by a false \node oi y>^\v\o^o^\vvl\\\^. ^^ \vc- 
iftuncoj the supposed necessvty o^ x\v^ Ow^w\a ^l ^xefc 
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actually present with the mind that perceives them, 
rise to the notion of images — an image of a horse 
be in the mind, or the horse could not be seen ; 
it ^is evident, that seehig is a fact in the nature 
of man : how the impression is conveyed fjx)m the nerves 
•ad brain to the mind, we know not. 
' Tl»>mode of searching after tnith that had always been 
TOgue was, at the best, firom observing, not very rigidly, 
few particulars, to rise at once to some general axiom 
conclusion ; but the only genuine method. Bacon 
observes, is, to advance gradually from the notices the 
senses give us in particular instances, and those sufficiently 
numerous, to some lesser axiom or principle, and then srad- 
uaily to proceed to some stilj more general principle, till at 
length you form some grand and final conclusion. The 
understanding seems but too naturally to adopt the former 
of these two methods, which is calculated most effectually 
Id prevent all advances in knowledge and science. It is 
the object of science to see things as they are in nature, 
and not in appearance merely : but " there is a wide 
difference," says Lord Bacon, " between the idols of the 
human mind, and the ideas of the divine mind ; that is, 
between certain vain notions, and the real characters and 
impressions that are stamped upon the creatures, as they 
are actually found." We may illustrate this by a reference 
to the Ptolemaic System of Astronomy, which was found- 
ed on the false and hasty notion of the apparent motions 
of the heavenly bodies being the real ones. The sun, 
moon, and stars, seem to move round the earth once in 
twenty-four hours : hence the rude and Grothic notion that 
the earth was the centre around which they are all actually 
whirled ; whereas, by a successfiil cultivation of a proper 
method, the truth is now demonstrated to be that the sun, 
and not the earth, is 4;he centre of the mundane system, 
and is, with respect to the earth at least, nearly at rest. 
*' The method of anticipating nature,^^ says Bacon, " rash, 
hasty and unphilosophical as it is, \\^s xves^^I^'^^^s^ ^ 
much greater power than the othet, to ewXra.^ ^^ ^»s8Rs« 
of the mind, which is too apt to \>^ di<^^^^^ ^^^"^ ' 
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own conjectures', and to allow the imaginatioii to be strod; 
and filled with its own plausible, subtilties : whereas titfff- 
pretaiions of nature, or real truths arrived at by inductioi, 
being separately and more slowly collected, cannot a 
suddenly arrest the mind ; and when the conclusion acta* 
ally arrives, it may so oppose prejudice, and appear » 
paradoxical, as to be in danger of not being recd^ 
notwithstanding the evidence that supports it, " like mys- 
teries of fjuth." 

The method of anticipation, however, or of dictaOK 
to nature what she and her operations are to be, could 
never, of course, avail to promote real science, whatew 
talents might be engaged in it. Tycho Brake thus aitfid- 
'patcd nature, in taking it as a certiun truth that the eaitk 
must be at rest. For though he was too well acquainted 
wiih the planetary motions to suppose their centre bit 
other than the sun, yet, in order to preserve his favoiite 
notion that the earth did not move, he supposed the sun, 
with all the planets, to be carried annually round it ; while 
these latter revolved in llieir proper orbits round the sun: 
and, having rejected the Copemican doctrine of the daily 
motion of the earth round its own axis, he was obliged to 
retain the most violent part of the system of Ptolemy, and 
to suppose that the whole universe was carried round the 
earth every day. It was thus, also, that the great Kepler. 
the contemporary of Bacon, imagined that the planeis 
must be six in number, and must have orbits of certain 
dimensions, because of certain properties of numbers, and 
of plane and solid figures, with which he fancied they 
corresponded. These speculations he published in 1596 
in his '^Mystery of the. World ;" and on sending a copy 
of his book to Tycho Brahe, he received from him the 
advice, "first to lay a sojid foundation in obserraiioni, 
and then, by ascending from them, to strive to come ai 
the causes of things." To this excellent advice, as Mac- 
laurin observes, we owe Kepler's more solid discoveries; 
for, availing himself of TycVvo BraVve'^k ^vcouomical obser- 
vations, be, from them, discovcte^i v\\^ \w;s cS. ^^^^-tsf^ 
tary motions, known ever svuc^ M ^«^ ^^^ ^««* 
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BMygens, a celebrated Dutch geometrician and astronomer, 
and who lived later, suffered himself to be imposed on in 
a admilar way ; for, having discovered one of Saturn's moons, 
fliis, added to the four moons of Jupiter, and the one 
belon^g to our globe, made up the number six; the 
• number of the primary planets then known being also six ; 
and the number six being a perfect number — that is, a 
-number that is equal to the sum of the equal parts into 
which it can be (fivided — Huygens affirmed that the num- 
ber of the planets was complete, and that it was in vain to 
look for any more : we need not remark that this lyystical 
speculation has since been disproved by fact. Now it 
was the praise of Lord Bacon to endeavor to remove 
fiom men's minds this superstitious tendency to rest in 
preconceived notions, which so much prevailed, and which 
was encouraged by some who were greatly his superiors in 
the abstract sciences. " Though the labors and capaci- 
ties of all men," says he, " in all ages, could be united 
and continued, they could effect no considerate progress 
in science by anticipation of nature ; since radical errors 
in the mind's first digestion are not to be cured by the ex- 
cellence of its functions, or by any succeeding remedies. 
Unless men choose to move always in a circle without 
advancing, we have but one simple method left ; namely, 
that of leading them to particijars, to their order and con- 
nection. They must be contented, for a time at least, 
to forsake their own notions, and to become acquainted 
with things themselves. Our method has some resem- 
blance to that of the Sceptics at the outset, but differs 
widely from it, and is directly opposed to it in the end. 
They foolishly assert that nothing can be known ; we say 
that litde is to be expected from the existing method ; 
they contradict reason and common sense ; we endeavor 
to assist both." 

II. The Idols of the Mind; or Crrand Sources ofPr^xtdxM.. 

Lord Bacon philosophically pomVs qmV, nt>:^ 'sgfe^ 
exactness, vanous general sources ot \!s\o"&^ e,TTOT% ^^^ 
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men are apt to commit in forming their notions of tUia; 
and he shows how very great an obstacle they form to Oi 
progress of our knowledge, and the acquisition of tndL 
'^ The Idob, or false notions of the mind," he says, "sb 
deeply fix themselves in it, that they not only shut up thi 
avenues through which truth might enter, but, even vfaa 
it has entered, they will again be presenting themselves, 
and will be . troublesome in the advancement of the 
sciences, unless men, beinc aware of them beforehmd, 
guard a^inst them with all possible diligence." As oo 
part of iBacon's works is more valuable than this, or moie 
important to all who are in pursuit of knowledge and tnitbi 
we shall give some detail of it to our readers. He stxik- 
ingly, though in his usual quaint style, calls the prejudioes 
that check the progress of truth, by the name ot Uoli. 
because mankind are apt to pay homage to these, insteid 
of regarding truth; as they have ofiered to iraaginaiy 
deities the worship which is due only to the true God. 

These prejudices and prepossessions are divided into four 
classes, which are called Idols of the TVibe ; Idols of the 
Den; Idols of tlie Market; and Idols of the Theatre. 
These sources of en-or are peculiarly deserving of notice, 
because tliey will be found, if we mistake not, to include 
the princii)€il causes, which, in all cases, have a tendency to 
obstruct the pursuit of truth, whether natural or moral. 
They constitute a sort of infection from which the mind 
must be purified, before it can enter with soundness and 
vigor, and witli the best effect, into any sort of inquir}' 
which has truth, and trudi only, for its object. "While 
the rules Lord Bacon gives us," says the late Dr. Thoma? 
Brown, " are rules of physical investigation, tlie temple 
which he purified was not that of nature itself, but the 
temple of the mind ; in its inmost sanctuaries were all the 
idols which he overthrew ; and it was not till these were 
removed, that Truth would deign to unveil herself to ad- 



oration." 



1 . The Idola TViftiw, or the Idok of the Tribe, the 
A^st class of prejudices, are so c«^e^ >Qeca>M» >Jwe>j "wr 
common to the whole tribe^ ot race ol tv\w^«sA\ ^^»>j "wfe^ 
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mkcij those general pry udices which arise from tne injir- 
wiit^ of human luUure itself. '< The understanding of man," 
says our author, " is like a mirror whose surface is not true, 
and 8C, mixing its own imperfection with the nature of 
things, distorts and perverts them." For instance, there 
is a teidency in the mind to suppose a greater uniformity 
in NaUre than she actually possesses. We are always 
disposd to imagine parallels, correspondencies, and rela- 
tions tiat may not actually exist. Hence the supposition 
that tb heavenly bodies must all move in perfect circles, 
becaus the orbits of the planets were perceived to return 
into tfemselves : this was universally believed by the old 
astrononei's, till Kepler disproved it a few years before 
Bacon wrote, by showing that the planets move in ellip- 
tical a oval orbits. Hence the ancient notion that the 
elemeit of fire, with its orb^ must be added to air, earth, 
and wter, to make up the even number of what they called 
the fair elements. Bacon's prediction that the sources 
of erroi would return, and be hkely to mingle with science 
even inits most flourishing condition, has been verified with 
respect to this particular illusion, in the case of sciences 
which n his time were scarcely in existence. When it 
was fouid that a considerable part of the earth's surface 
coDsistd of minerals, disposed in horizontal strata, or 
layers, it was immediately concluded that the whole exte- 
rior suface either is or has been composed of such layers ; 
and oDthis assumed principle entire theories of the earth 
have leen constructed. 

Ag&n, the mind has a wonderful facility also of being 
imposed on by prepossessions. If once pleased with any 
notioiL. it immediately endeavors to make every thing 
agree with this, even in the face of evidence to the con- 
trary It gets over opposing instances and examples, 
eithr by altogether neglecting them, or by mventinc some 
subtie distinction which shall still maintain the favorite 
principle with which it first set out. Dreams, omens, and 
astr4ogical predictions, are cases of this kind, in which the 
insttices of faiJure are passed ovei Xiy \!ftfe '&>\^^T55v>N>Rs<is. 
mtt little notice, while those kislaaces \sl vAiiOft. "^^ ^^'^ 

20 
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corresponds to the supposed preternatural intimation ci 
are carefully remembered. This prepossession of Jb 
miiid cannot endure exceptions to rules, and negative ifr 
stances ; though these are, in fact, of the greatest iapcr 
tance in establishing axioms or general principles. 

TliG imagination ^ also, is apt to be overpowered with 
whatever at once strikes and seems to fill it ; uid the 
mind, imperceptibly yielding to this impression, readilr 
comes to some conclusion, not waiting for the ^raduii 
processes of the undei-standing, to try general prncijdes 
by the test of various, remote, and dissimilar insaiices; 
which can never be done without following rigi4 luleSj 
and submitting the faculties* to violent restnunts. 

The restless activity of the human powers, mireoner. 
aids the force of general prejudices. The mind is ambi- 
tious of understanding what is incomprehensible. It at- 
tempts to gi'asp what is beyond its power, instead )f being 
content with some proper resting-place for the natural 
weakness and limitation of its faculties. It weares itself 
in its endeavor to comprehend such ideas as spvcx, time, 
eternity, infinity ; and it is still more apt to be misled. 
Bacon tiiinks, l)y its desire to discover the Jinal nuses of 
things, that is, the uses, or ends, which the Creabrhad in 
view in forming them. Tb.e phrase final cause iras 6rst 
introduced by Aristotle, and the inclusion of tliL amons 
caiisco in general as objects of inquiry, had the •ffect of 
diverting such minds as those of his followers fiom the 
study of nature to mere speculations. We must therefore 
remember that the hint which Bacon here throws out on 
this subject, and what he says more on it in iris other 
works, always has a reference io final causes as tre^itedby 
the schoolmen. He objects to these being included, as 
a l)ranch of natural science ; but it cannot be supposed 
that his remarks on this subject arose from the same 
source which produced the prejudice against final -auses 
that so generally prevailed hi France in the eigheenth 
century. Bacon had no bias towairda atheism : he cen- 
sures Aristotle for " substAlulm^'^a\\\xe m^vea^L^^S.^xA.^'** 
tAe fountain of final causes ; and fox Xxe^Xvw^ x^aewv r^aCB«\ 
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5 as subservient to logic than theology ;" and m his Essays 
; he finely remarks, " I had rather believe all the fables in 
^ tbe Legend, and the Talmud, and the Alcoran, than that 
^ tins universal firame is virithout a mind. While the mind of 
man looketh at second causes scattered, it may sometimes 
^ rest in them, and go no farther ; but when it beholdeth the 
. chain of them confederate and linked together, it must 
: . needs fly to Providence and Deity." 

Notwithstanding Lord Bacon's objection to final causes 
' as a subject of philosophical inquiry, it must be allowed 
that, apart from the charm which the final causes, or ends 
of things, lend to Nature, when they are satisfactorily per- 
ceived, wliich is the moral use of them, there are some 
cases in which a consideration of them has conduced to 
actual discpveries in science. It was noticing the situation 
of the valves in the veins of the animal body, for instance, 
that led to the great discovery of the circulation of the 
blood. Harvey, who was its author, perceived that these 
valves, in some parts of the body, were so placed as to 
give a free passage to the blood towards the heart, and to 
exclude its return the same way. He thought there must 
be some particular design in this ; and no design appeared 
more probable than that, since the blood could not well, 
because of the interposing valves, be sent by the veins to 
the limbs, it should be sent through the arteries, and re- 
turn through the veins, whose valves did not oppose its 
course that way. This fact, however, and others which 
might be mentioned in illustration of this subject, were not 
known to Bacon ; and the great abuse of the speculation 
on final causes by the schoolmen not unnaturally led him 
to an unreasonable distrust of it. 

The influence of the will and affections on the under- 
standing, or what may be termed the moral state of the 
mind, may also greatly affect our opinions. " The light 
of the understanding," says our author, " is not a dry or 
pure light, but it receives a tincture from the will and the 
affections, and forms the sciences accox^vw^^ \ ^^^ \sv^b^ 
are most willing to believe wYvat \\\e^ \«\q>^\. ^e;^^- 
Hence, he observes, "difficulties ^xe T^^tacX^^ ^^oct^xj 
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impatience; the deeper things of Nature are dreadet 
through a certain awe ; experience is discarded ihrou^ 
pride ; truth when it limits our hopes ; paradox is shuS 
ned througli I'ear of vulgar opposition ; and thus in innii 
merahle ways, and often iraperceptibiy, do the affedjau 
and passions tinge (he understandmg with their own co|i 

'Ine fallacy and incompeteiicy of the senses are an ack 
diiional source of mistake and error. Inquiry commonl] 
ends in what is seen on the near sur^ice of things, while thi 
organization, the texture, or the inward changesofbodieai 
are unknown. On iliese, however, cheniistry depends.' 
Lord Bacon considers this incompetency and dulmess o 
the senses as one of the greatest impediments to. an exac 
knowledge of nature. " Nor can instruments," he a 
"here he of any great service, since all true interpretalkw 
of nature must be made by suitable and proper trials, it 
which the senses judge of experiment only, and experb 
ment is the judge of nature and fact." He complains, hr 
way of example, that in his time even the prop^lies cC 
the common air of the atmosphere, and of all the agenl^ 
still more subtile than the air itself, of which he supposed 
there might be many, were almost entirely unknown. 
What would he have said, could he have wiineasedtbt 
application of the inductive philosophy to the discovery of 
the properties of the various kinds of g'osM — the researcbei 
of Newton respecting light — the experiments of Freolfe- 
lin in electricity — the powerfid agency of galvanism, wtioh 
has produced new creations in chemistry, and changed t&f 
whole face of that interesting and useHil science ! 

Ijastly, there is a tendency in the mind to abttraeticn 
or generalization, which should be carefiilly watched U 
likely source of error. It is less troublesome to 
upon fancied general notions, than to make < 
"But Nature," says our author, "must he 
rather ihaa atelracted : matter should be considered b 
its states and transformaXions -, so ovi^ht motion and 
lan^ ; but for the ArisXoieWan aWwcv Jqtto 
•'j/s or figments of t\\e mmA."— "YVeae *eN« 
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causes, then, may be borne in mind as among the chief 
general prejudices, which are apt, often insensibly, to mili- 
tate agamst the d^covery of truth, •and the advancement 
of science : too great a tendency to suppose a perfect uni- 
fcrmty in nature ; hasty prepossessions in respect to some 
favorite idea; the influence of the imagination; the 
restless activity of the human mind ; the bias the ttnll and 
qffections give to the judgment ; the imperfection of the 
organs of sense ; and the love of abstractions and general' 
izatims. 

2. The second class of prejudices introduced by this sa- 
gacious observer of human nature, as tending to obstruct 
the process of truth and knowledge of all kinds, he terms 
liola Specus — ^Idols of the Cave or Den ; that is, those 
prejudices which stamp upon each mind its own peculiar 
character, and are identified vnth every individtuzl m4zn. 
" Idols of the den," says the JVovum Organum, " are the 
idols of each particular person ; for in addition to the gen- 
eral waywardness of human nature, every man has his 
own peculiar den or cavern, which breaks and corrupts the 
light of nature, — either on account of his constitution and 
deposition of mind — ^his education and the society he keeps 
— ^his course of reading and the authorities he most re- 
spects — ^his peculiar- impressions as they may be made on 
a mind that is pre-occupied and pre-jpossessed, or is in a 
calm and unbiased firame : so that the human spirit, as it 
is differently disposed in different individuals, b a thing fluc- 
tuating, disorderly, and almost accidental. Hence Hera- 
clitus well observes that men seek the sciences in their less- 
er worlds, and not in the great and common world of na- 
ture." In another place, tliese idols of the den are spoken 
of, in the figurative language of Bacon, as " each man's 
particular demon, or seducing familiar spirit ;" and again, 
every mind is compared to " a glass, with its surface dfer- 
entl^ cut, so as differently to receive, reflect, and rpfi^ct 
the rays of light that fall upon it." 

Some of these private prejudices he yxs^i^ \%^a^ ^jfi* 'Ws- 
quiring peculiar caution, because tVvey ^^%^^sa^^ ^^"^^s* 
endency to pervert the mind, TVve partxcullaT ^tw^^% 

20* 
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instance, to which a person has been addicted — more esr 
pecially, if he has any olaim to be an inventor, may mrp 
his judgment in other pursuits, and tend to corrupt his no- 
tions. It was in this way that Aristode, through his fond- 
ness for distinctions and quiddities, made his natural philos- 
ophy a mere slave to his lo^c, and so rendered it little else 
than a useless source of disputation. Crilbert^ of Cdcbesr 
ter, is another example. In his " Treatise on the Mag' 
net,'*^ he gives a specimen of experimental inquiry carried 
on with considerable correctness and success ; but he tried 
to make his magnetism a general principle, considering ii 
to pervade all Nature. It is but fair to acknowledge his 
merit, however, for " to him," as Dr. Priestley observes, 
'' we owe a great augmentation of the list of electrical bod- 
ies, and of tlie bodies on which electrics can act : tboueh 
his theory on this subject is imperfect, he may justly Be 
called the father of modern electricity." Of late years, 
this species of fondness for theory has been discovered in 
attempts to account for the motion of the planets by elec- 
tricity ; and electricity and galvanism together have h^en 
employed to explain gravitation, the affinities of chemistry, 
and even the laws of vegetable and animal life^. At an 
earlier period, Des Cartes, after Bacon had so well written 
against theories, endeavored, in medicine, to combine Van 
Helrnont's doctrine of fermentation with his own beloved 
notions respecting vortices ; which he thus brought down 
from heaven (where, as he supposed, they guided the plan- 
ets in their orbits) to earth, in order to explain die chief 
functions of the animal body. Hence he formed a chem- 
ico-mechanical system of medicine which was eagerly re- 
ceived by the Dutch physicians of his time. Thus may 
one favorite pursuit be suffered to give a tincture to every 
other branch of knowledge, and to corrupt it. " The tribe 
of chemists," says Bacon, " have constructed a fantastical 
philosophy from a few exj)eriments of die furnace." IVonc 
certainly of the professed inquirers after truth, up t ) his 
time, were ever more extravagant and fanciful than tlie ex- 
perlmenters in chemistry ; wvluesa vVv^ Kxc)cwfcvja q.^N ^MvViRV 
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t, and his army of spiritual agents, derived from tl 
ic fluids. 

mong the private prejudices or the sources of em 
Qg from the mental constitution of individuals, the nati 
difference of men^s capacities is enumerated. Son 
is, Lord Bacon thinks, are fitted more for discrimin 
, whQe others content themselves with merely noticii 
mblanc^s. " The great and radical difference of men 
Lcities," he says, '•' as to philosophy and the science 
in this, that some are stronger and more fitted to obser 
differences of things, and others to observe their corr' 
idences : for a steady and sharp genius can fix its coi 
plations, and dwell and fasten upon all the suhtilty ( 
irences ; whilst a sublime and ready genius perceiv 
compares the smallest and most general agreements ( 
5s. Both minds easily fall into excess, by graspii 
3r at the dividmg scale or the shadows of things." 
i^ith greater clearness and perspicuity, he adds to thei 
onal prejudices and tendencies, the atta4:hment to time 
>rming our ideas of truth and excellence. Some m( 
; cherished an idolatrous admiration of the ancient 
have scarcely allowed even a comparison to be mac 
reen their works, and the monuments of modem geniu 
IS the poetry of Milton has been underrated by thoj 
have been so devoted to the remains of classical ani 
f, as to be almost incapable of awarding due merit 
luctions in the vulgar tongue : witness the contests r 
tiag the superiority of ancient or modem leamin 
the other hand, while every thing modem has bee 
lised only because it is not ancient, some have bee 
ed by the opposite cast of mind, and have beeninflan 
nth a constant passion for novelty ; being disposed 
i little or no respect to antiquity, even where the e: 
ence of past ages might be of great service to us. Th 
. of prejudice has greatly declined, however, since B 
s time — truth, and not the establishment of sects, ha 
bappily become the leadings object a? ^\\^QfSRk>^\s^^^ 
es; "for truth," says he, "is ivoX. \o>o^ ^^m^^^ 
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any felicity of times, which is an uncertain llungj but ftom 
Ae light of nature and experience, which is eternal." 

He exemplifies another kind ofpartiaUar prejudices) o^^ 
of the Idola Speais, by comparing the school of LeucippoS 
md Democritus, among the ancients, to the " other ptubn 
CThies," alluding probably to those of Pythagoras, and ut 
Socrates, Plato, and the Academics. Leucippus, Democn^ 
tuG and Epicurus were atomists, — ^tliey taught that l' 
whole universe is composed ofeilher oftMiMorajincinn»,a 
that it was by the accidental meeting together of these al 
^lat the world assumed its present form and appearance; 
"This school," says Bacon, " is so taken up with the pai" 
tides of things, as almost to neglect their structure ; wlulsl 
the other views die fabrication of things with such asttm- 
ishment, as not to attend to the simplicity of nature ;" rf 
ferring to the lofty speculations and flighls of imaginatio 
that characterized the Platonic school. " To con 
plate nature and bodies in their simple elements,' 
quaintly remarks, " breaks and grinds the understanding 
and to consider them in their configurations and composition 
blunts and relaxes it." This exclusive predilection for th 
minute or the vast in nature, by wliich some of the ancien 
schools were marked, much resembles the second ordero 
prejudices which is mentioned under this class. " In tbi 
manner, then," concludes the account of these prejudioei 
" let contemplative wisdom proceed in dislodging and eh* 
mg away the idols of the den, which principally^ have (1 
rise from premknt studies ; excess of composition and 
vision; aff'ections for times; and from the great or W 

isize ofoyeeta." 
3. Another class of prejudices to he carefully avoided in 
our inquiries after truth, are temied, in the figurative but 
expressive language of Lord Bacon, Idoh Fori ; tdolt of 
the Market-place ; that is, prejudices arisi7ig front inert 
words and terms in our common intercourse wilh memkind: 
they proceed, in short, from the imperfection oflang»agt. 
These prejudices be pronounces " \Ve wo^ UQabTescme 
of all" " Words." savs \\e," are ?ot ^e\flwx-^MM -^' 
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modated to the notions of the vulgar, and they define 
things hy hounds that are most obvious to comm(m minds ; 
and when a more aciite understanding, or a more accurate 
observation, would remove these boundaries, and place 
them more according to nature, words cry out andforvid,^^ 
A &miliar instance of this may be taken fix)m our common 
mode of speech with regard to the heavenly bodies. We 
say of the sun, that it rises and sets, though every one, 
but the most ignorant, is aware that this is not strictly true, 
since the sun is stationary with regard to the planetary 
^tem ; its apparent motion being owing to the real mo- 
tion of the earth. In this instance, however, the delusion 
which words might produce, is obviated by the popular 
knowledge of astronomy which prevails. In many cases 
it is certain that the want of accuracy in the use oi words 
and phrases has proved a great barrier to the pursuit and 
attainment of trudi. How many violent disputes have 
there been, for instance, on liberty and necessity among 
ethical writers; while neither party has taken the pains 
first to say what he meant by these words ; which might 
have saved both much time and much angry contention. 
Hence, in order to avoid controversies respecting mere 
words and terms, it is recommended to begin with these 
according to the " wise method of the mathematicians," 
and to reduce them to order and certainty by definitions. 
" Yet," it is jusdy observed, " these definitions themselves 
cannot wholly remedy the evil ; for definitions consist of 
words, and words produce words ; so that recourse must 
be had to particular instances." 

Lord Bacon's meaning may be illustrated by such 
words as sensation , wHl, benevolence. We may define 
sensation, and say it is feeling; but what is feelings What, 
.fijr instance, is the feeling or sensation of cold^ What is 
the sensation oi seeing 9 None can describe these, it is ob- 
vious, to a person supposed never to have experienced 
them. Will mdiy be defined volition; but this again is a 
mere translation ; and if an intelligent beia^ c«v\Vi ^^ \sssr 
RS^ned who had never actually loitled auy tKmg^wcs^ ^-^^ 
bajd any desire, in his mind to do or say wxvy ^xsv^^^J^^^"^ 
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be utterly impossible to make him understand what trtlZof 
is. A being of simple malevolence, or one who had new 
felt towards other beings any thing* but hatred^ could kiTe 
no idea of the emotion of benevolence towards others: he 
could not know what it is to love them. But when a chud 
once understands that sensation is a general name for all 
those immediate effects which arise from objects acting up- 
on any of the organs of sense — a name for seeing^ hearing, 
smelling, tasting, 2j\d feelings indifferently ; when he learns 
that wuling is that state of the mind which directly goes be- 
fore any deliberate action ; or that benevolence or lore is a 
term expressing certain natural and delightful emotions to- 
wards his parents, brothers, sisters, and friends, — ^he then un- 
derstands the meaning of these words by instances and exam- 
ples. Or, if I wished to convey to the mind of another 
person the meaning of the word gravitation ^ or attraction. 
as it is employed in the Newtonian philosophy, instead of 
merely saying it is the tendency bodies have towards each 
other, I might state the simple fact, and say, when a bcdv 
islet fall from any height, it proceeds invariably to ihecanh. 
and more swiftly in proportion as it arrives nearer the sur- 
face : this is what is meant by saying that the body is nt- 
traded or gravitates with accelerated velocity toward the 
eartli : and when the inquirer is fiirther informed that the van h 
itself also proceeds, however little, toward the falling body, 
and that the sun, moon, earth, and planets, all mutually 
move toward each other, more or less, in the same man- 
ner, the general idea of what is intended by attra( lion or 
gravitation is gained ; and it is understood simply to be a 
name for a certain fact, or lam in the operations of nature, 
or rather of nature's Divine and Almighty Architect. 

iNlaiikind are apt to be led into erroi*s by words in tico 
})rincipal ivays ; and first by the names of things which 
have no existence whatever. Of this kind, savs Lord I5a- 
con, are such as " fortune, the primuni mobile, orbs of the 
planets, the element of fire, and the like fi;2;ments whiih 
arise from false and ima2,\na.ry lUcones." It is almost ur.ne- 
cessary to remind our readers \.\A;i\.t^?.\\c)tv>Kat^"&"a&cWxvtt, 
fortune, luck, etc., are on\y n^wTves ^ot \\vxk\^w v^yvotobka 
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of a cause ; and that in all the cases in which these words 
are applied to any kind of circumstances that occur either 
in the natural or moral world, there is the same necessity 
for supposing an agency of the Deity as in the greatest, 
and, to us, most certain events. Primum mobile, or the 
first mover, in Ptolemy's astronomy, was a supposed im- 
mense sphere, or hollow globe, which included within it 
all the spheres, or orbs of the planets, and fixed stars, and 
turned itself and all these round the eardi in twenty-four 
hours ! Idols of this kind, however, it is observed, are the 
more easily dislodged from the mind, because the direct 
remedy for them is the constant rejection of all mere 
theory. 

But there is another species of delusion which may arise 
from words, that is likely to produce greater perplexity, 
and is avoided with greater difficulty. This delusion is 
produced when words do not agree to the things they are 
mtended to signify, but are confused and ill-defined. Ba- 
con adduces the various meanings tliat were formerly given 
to the word humidum, or moisture, as an example of this 
uncertainty : he shows that, according to the vague man- 
ner b which the word was used, it would apply to the 
most dissimilar things, and ihat flame, and small dust or 
powder, and glass, might all, on this principle, be said to 
possess moisture. It is evident that this uncertainty in the 
application of the term humidity or the quality of moisture 
arose from not considering moisture as a relative idea. For 
instance, quicksilver, with relation to some substances, as 
our hands or our clothes, is not humid; but it may be re- 
garded so with reference to tin, lead, or gold ; for it will 
adhere to their surfaces, and render them soft and moist. 
Even water does not wet all tilings, for it runs off in round 
drops from the leaves of many plants, the feathers of birds, 
etc. ; so tliat water itself is no more moist with regard to 
these, than quicksilver is with regard to our hands ; unless 
by moisture we mean soaking with water merely. Out 
great philosopher complains that, m ^<aw^t"!j^^ ^^ ^^Njsssja 
ofgualiti/in bodies, were in his time e'x.e^^&ft.^^ ^^'^^'^'^! 
Such were the notions of gravity y deusxty ^ teuu\t^ A^"^" 
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From what we know, indeed, of the philosophism which 
then prevailed, all attempts to reason on these terms must 
have been like grasping a shadow or beating the air. The 
words used to express the changes which bodies undergo, 
were also extremely vague and undefined, as generation^ 
corruption, alteration. So likewise geneiul names of sub- 
stances, as earth; and air, or vapor. It was reserved 
for the science of modem times to use a more precise lan- 
guage, and to aspire at a magnanimity almost unknown to 
the ancients — that of frankly acknowledging man's igno- 
rance, and the limitation of nis faculties, rather than taKing 
refuge in the darkness of an ambiguous phraseology. Our 
readers will perceive from all that has been said, how 
much accuracy and precision of language depend on the 
advancement of science ; indeed they mutually promote 
each other. What has been effected in chemistry by a 
refomiation in the use of tenms is well known. An imitation 
of this precision, so far as the nature of the given subject 
will allow, must lie at the root of advancement, not only 
in natural, but equally in moral and intellectual science; 
and here, as in chemistry itself, the advice of Bergman to 
Morveau will advantageously apply : " In reformmg the 
nomenclature, spare no word that is improper." 

4. The last general sources of prejudice adduced, as 
obstructing philosophical discoveries, are what are termed 
Idola Theatri; Idols of llie Theatre; or the prejudices 
and perversions of the mind arising from the fabulous and 
visionary theories and the romantic philosophies that so 
long prevailed in the world. " We call them Idols of the 
Theatre," says Bacon, '* because all the systems of phi- 
losophy that have been hitherto invented, or received, are 
but so many stage-plays which have exhibited nothing but 
fictitious and theatrical worlds; and there may still be 
invented and dressed up numberless other fables of the 
like kind." Of this last remark, Hutchinsonianism may, 
In modern times, be ree,ardcd as an example, in common 
^nrii all other specu\at\ov\s \\\^x\v^\e \i^e^ c>^^osed to the 
^^exvtonian theory of gravtotvoiv*, ^iv^ V5\\\0cv ^N^\ifc Vs®Ji 
squally opposed to the n\eX\voAoi ?fc\exiC.^\vet^\^^^\S!5B.^ 
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ed. It was strange that, in the eighteenth century, in the 
fiill blaze of that light which was, as it were, latent in the 
Baconian philosophy, and which Newton had struck out — 
a system, not unlike that of the vortices of Des Cartes, 
should offer once more to darken the heavens, after they 
had been so effectually purified from the atoms and the 
plenums, the orbs and the cycles of an imaginary astrono- 
my : this, however, is but an example of the power which 
one favorite notion can exercise over an acute and ardent 
mind ; for Hutchinson assumed, as the basis of his theory, 
that Divine Revelation was designed to teach men philoso- 
phy as well as religion ; and in the Mosaic account of the 
creation, he fancied he saw the physics of the true astron- 
omy. His system, however, which may be considered as 
'a kind of physico-theological romance, has been permitted 
to sink into its merited oblivion, while revelation is now 
regarded as , confined to its own sublime and proper 
province of making known the will of (rod to man, as to 
nis conduct here, and the way of attaining felicity hereafter. 
The Newtonian philosophy cannot, on any consistent prin- 
ciples, be regarded as at variance with the communications 
ot the Bible ; and, founded as it is on the basis of demon- 
stration, it cannot fail to stand the test of time. Gratuitous 
theories may impose on the imagination, like the mirage 
of the Egyptian sands ; but, like this illusion, they must 
pass away : they may present to the eye a magnificence 
as gaudy and seducing as the fata morgana, sometimes 
witnessed on the coast of Calabria, in which tlie most 
beauteous landscapes, crowned with picturesque villages, 
superb palaces, and massy towers, seem to possess a red 
existenpe : all, however, is only suspended in the air, and 
the enchanted scene changes \vith the least shifting of the 
light, or the ruffling of the sea, melting away like a dream 
of the night — so must vanish at last all systems of philoso- 
phy and science that arc not founded on the solid basis of 
that induction, which it is the design of die JVovum Orgor 
num to explain. 

This source of eiTor and prejudice, ot \5cv^ 1A,oU ^^ w* 
Theatre, are more especially to \>e TwaxYfe^ "^ 0«i^ifc 
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r(jiu\f-f\f:(\ wiili the rnthoritu r»f c"':'-: r-7.v.\ ; :s.': '.. •• 
not iiiifrfrquerilly. on-la'.inz :he ur.iersi^Ziilr.z to r.r. ir:.::-- 
\if}jif\u'£i: . bv what the schfXjhT^frn t-c-rin r'-2'?''^^''(ri/'- • 
rf-rfjunffiam, or the argument addni.-r/c to t'le ii:f>cw ■ 
'••niiJi!! nature. Prr;judicc-5 cf L.:= kind stand on a O 
U-rent fooling frrjin the fonner diree source--, end are i*e!- 
hsijjs the rnosl remarkable instances of intelk-ci'.!?.! slav^n. 
•' Fcir." .siiys I>Drfl liacon. - the Idols of the liieatre re 
nrillier innate, nor are lliev secret! v insinuated into ^- 
inir!r-r.-t;nidin'z. but are plainly forced upon it. aiyl are re- 
i'f'wi'd from fabulous theories and />/^€ laws of den:o:- 
stniiion." The importance of retumin^: to an indcpender.: 
smd M-i'-nlifif: method of inquir}', or, in other word*, o: 
think in'/ for oin-selves, is urzed bvcur author from tiie lac!. 
ihnt " ;i cripple in the rijrlit way may beat a racer in the 
wron^r." The more vigorous, indeed, tlie mind is, i^hic!. 
sets r)Mt in a wronj^ coinse, the further does it depart fit>i: 
\\\r. iionl of truth and science. The method, however, 
whirh i^ here prf)poscd, is adapted not incrcly to a .-i!!!/ 
under iinrlin'jT, and fi sublime order of faculties, but :< ic-v'. 
lo the cnjjacitir.'s of rdi, even the humblest. To drav. -. 
■Inu'iiiit line, or tf) desfribe an exact circle, with liie i:r.- 
;i-'i- led hand, mii!;ht be a ihinj^ scarcrrly to be acconijli?:- 
rd wiih crriiiinlv, whilst it is nn easv task to doit bv il ■ 
hrlji oi'ii ruler and romj)asscs, with the trrealest arcuraij- 
*' Ml iln'se idols," says H.icon, '"aie solennily and forevc: 
In be renouneiMJ, and ihe nnderstandint: must be t boron dUj 
rieined :ni(i purired of iIkmii; for the kingdom of ir.nn 
which is founded in ihe sciences, rannot be entered other- 
\\v\' tliMu ihe kingdom of (iod — that i^, in the conditio!". 
«>l :i liiile rhikl." — In inrther illustratif»n of these prejudicer. 
stMii' untlt'v is projMised lo be taken of the si:rts aufl k'lr.r 
<»1 tlie.r tiij.sj' theories; of their outward signs and indicn- 
funis ; 1)1" ilir nitisrs of I hi-; so p.rcat disadvantase to >ci- 
eiHf ; :ind of the rca-cns ^^( yry la-liuT and '.^eii'.ral a (e:> 
:enr in error. 
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in. Different Kinds of fake Systems of Philosophy. 

The next topic of the Novum Organum relates to the 
different philosophical theories which have given rise to 
the last of the four classes of prejudices ; or the Idols of 
the Theatre. Fanciful and imaginary systems of philoso- 
phv derive no small charm, it is well observed, fix)m their 
being so highly wrought: thus, to many, the fictitious 
drama is more attractive than true history. Lord Bacon 
divides these visionary systems into three general kinds — 
sophistical^ empirical, and superstitious. 

Sophistical philosophies, so called from their deceitful 
pretences, are those formed on careless and hasty observa- 
tions and experiments, and filled up by the mind of the in- 
ventor at his own pleasure. Of this kind Aristotle's philos- 
ophy is a very eminent instance, among the other ancient 
systems, which were chiefly of the sophistical kind. Even 
the similar particles of Anaxagoras, the atoms of Leucippus 
and Democritus, the heaven and earth of Parmenides, and 
other first princijjies of the different sects of Greece, \vith 
all their incongruity, at least savor somewhat of natural 
philosophy and experience : but Aristotle, both in his Phys- 
ics and Metaphysics, utters little else than mere logical 
terms. Even in some of his other writings, where he 
makes greater use of experiment and observation, he ap- 
pears to have passed a previous judgment on nature, and 
attempts to lead experience itself captive to his own opin- 
ions and his own humor : he forms a world of categories and 
predicaments ; accounts for nature's varied operations by 
the scholastic distinction of act ^s\& power; asserts that 
there is but one proper motion in all bodies ; and imposes 
numerous other fictions on mankind, which are sources of 
disputation rather than of truth. 

Empirical systems are those formed upon a/etp exper- 
iments only, though these may be made with great exact- 
ness. The ancient chemists are adduced as exaifi?i$le%^\!x 
their idle speculations on the four eVemetvXs^^fewxjAa^^'^'* 
few repeated experiments of the fuTuace . "^'^"axcv^^s^fc^ 
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who lived in Lord Bacon's time, and framed, as we hare 
remarked, a system of philosophy on his experiments inraaj- 
netism. was a notable instance of this kind. 

Superstitious systems are those in which certain phUo- 
sophical theories are blended with religion, and tlie one is 
made subservient to the otlier. Of these the philosoplues 
of Pythagoras and Plato are specimens; their theories 
being principally derived from their speculations on the na- 
ture and attributes of the Deity. Some theories of the 
earth in modem times may come under this denomination: 
and perhaps there is no more signal instance of this kind 
than the philosophy of Mr. Hutchinson, which we hare 
noticed above. " This vanity," says Bacon, *' of mixins: 
things divine with things human, is rather to be suppressei 
as from it arise not only phantastical philosophies, but he- 
retical religions." 

In framing theories, the mind, it is observed, should be 
fispccially on its guard against two excesses, that of dog- 
matism on the one hand, and scepticism on the other, as 
til esc both tend to perpetuate prejudices, scarcely allowiEg 
the opportunity of their removal. Thus Aristotle, in order 
to cut f)fFall occasion of doubting, invented question?, and 
resolved them at his pleasure, as if he were the arbiter and 
final j I iflce of nature ; while Pyrrho and his followers, on 
the contrary, doubted of ever}' thing, which was an abu-e 
of the school of Plato, where the sceptic method was drfi 
introduced by way of jest and irony, to o})pose tlie more an- 
cient dogmatists. The former of these methods, or that of 
])ositively doGjmatising, cannot Init contract and degrade the 
mind, while the other must cast it into lancuishinent and 
do.^pair of ever finding the truth. 

All these Idols of tiie mind which have now been noticed. 
hnv moreover been greatly defended and strengthened by 
talse jfroofs and corrupt ficmonst rations. Words have been 
the tyrants of thoughts, and thoughts the slaves of a con- 
ceited logic, whi(rh has been associated with erroneous anH 
)ja.s/r i/npressions from tlie senses — ^vU-tonued notions ari?- 
in^r from rliosc impressions, aw^V ??v\v\\.v wXwexvvYcv. a? v>\xsJ^-i. 
method of establisliing g^cnei-a\ prmc\v\es,A5. Vva^ \«i^w ^!&fc 
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parent of all error, and the destruction of all the dignity and 
advancement of science. Thus it was that Gilbert limited 
his experimental inquiries to the loadstone ; and the early 
chemists and their followers were perpetually employed in 
the single art of alchemy. This word means the knowl- 
edge of the substance or composition of any thing : and the 
two leading objects of the alchemists were, the change of 
the common into the precious metals, or gold and silver ; 
and the discovery of a universal medicine — some elixir of 
immortality which they fondly hoped would annihilate dis- 
ease, and prevent the irrevocable doom of humanity, 
death! 

IV. Characteristics of false Systems. 

Lord Bacon next gives some intimations, or signs by 
which false theories and systems of philosophy may be 
knoum, so as to prevent the impositions hkely to arise from 
them.— One is, the origin from which a system of philos- 
ophy is derived ; which, if it be false and erroneous, what- 
ever immediately arises from it must of course be so too. 
The sciences existing in tlie lime when the Novum Orga- 
num was written, were almost wholly derived from the 
Greeks, whose philosophy, as we have seen, was chiefly of 
the dogmatic and disputatious kind. This was the charac- 
teristic, generally, of tlieir several schools ; the writings of 
the more ancient of the Greeks, who opened no schools, 
having been lost in the lapse of time, such as those of Em- 
pedoclcs, Ariaxagoras, Lcucippus, etc., who applied them- 
selves to philosophy \nth greater simplicity, and with less 
afiectation and conceit, than their successors. The source 
of the existing philosophy was, therefore, corrupt. 

If any indications may be gathered from the tim^s in 
which the ancient tlieories were framed, no great good, it 
is further argued, could be expected from these. In the 
ages of the Grecian philosophy, the field of observation and 
experience was limited l)y the little knowledge the ancients 
possessed of the habitable world. Their history^ also ^ of 
past events, and of the origin of T\aUow?,,\N?kS \ft "^ ^^^'^ ^^- 
^-ee fabulous, Tiiey considered iw^gkn x^^o\\^v>»«^'^'^'^ 

21 * 
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ble where great nations have been since found to exist. 
Their travels were extremely circumscribed, and the art 
of navigation was exceedingly imperfect. 

If, moreover, we judge from the actual effects of the 
Grecian philosophy, very little can be sho^vn to have re- 
sulted from it tenchng to improve the condition of mankind, 
during the space of so many ages. Something, indeed, may 
have accrued from tlie pursuit of chemistry among tlie an- 
cients and their followers : but this has rather happened by 
accident than been produced by design ; for all their theraies 
were injurious to the discovery of truth. The cultivators of 
the magic arts, too, in their jugglery , have stumbled on some 
few matters ; but even these have been corrupted by im- 
posture. The alchemists^ however. Lord Bacon allows, 
made not a few useful discoveries while vainly pursuing 
their chimerical and visionary projects. We are indebted 
to their labor and perseverance for the method of prepar- 
ing alcohol, aqua-fortis, vitriolic acid, volatile alkali, gun- 
powder, and a variety of other chemical compounds. 

Another test of truth in philosophical systems may be 
derived from their progress and improvement ; but, up to 
the seventeenth century, that is, for two thousand years, 
the sciences had been nearly stationary ; or, rather, they 
flourished most in the remotest ages, and afterwards de- 
clined. Witness the decay of the Pythagorean astronomy 
till the time of Copernicus. 

Again, the confession of the authors themselves of the 
systems that had prevailed may be regarded as a testimo- 
ny of the strongest kind to the vanity and inefficiency of 
these theories ; for while these men pronounced on nature 
with the utmost confidence and dogmatism, we may detect 
them at intervals assuming a desponding air, and complain- 
ing of the obscurity and uncertainty of all things. Hence 
arose the school of the Academic philosophers, w^ho doubt- 
ed of every thing, and consigned mankind to the eternal 
darkness of a sceptical ignorance. 

The great disagreemtnt ^T\d <yp))08xtion^ moreover, that 
existed among the ancients, s\io\\s, ^«:^^ '^^t^T^.^^^"\!Bft 
avenues from seiLse to reason vrexe ivot v^^ ^-ax^^^i^sRfc 
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the one subject of philosophy was so rent and split into 
error, that nothing remained fixed and stable in the exist-- 
ing notions derived from the Greeks ; nor was there any- 
certain rule of investigation." 

The opinion, also, that was entertained in the sixteenth 
cantuiy, that a general consent prevailed in the philoso- 
phy of Aristotle, was a fallacious argument of its truth ; 
for the prevalence of the doctrines of Aristotle and Plato 
was greatly owing to the accidental circumstance of their 
being preserved from the general wreck of human learn- 
ing, which ensued on the irruption of the barbarous nations 
into the Roman empire. Besides, such a consent as that 
which is supposed, if proved to be ever so little founded 
on accident, would better deserve the name of obsequi- 
ausness ; not being the result of a free exercise of men's 

Cdgments, all centring at last in the same conclusion, 
It the ofi^pring, as it is evident, of prejudice, and an ab- 
ject vassalage to the authority of names. — ^The character, 
therefore, of the systems of science and philosophy that 
had been current, was extremely unfavorable to the 
supposition of theii* truth, whether taken from their origin^ 
their fruits^ their progress^ the confessions of their au- 
thors, or from general consent. 

V. Causes of Error in Philosophy, 

The next topic of the Novum Organum, and the ffth 
convenient section into which the former part of the work 
may be divided, relates to the caitses of error in philo- 
sophical inquiry. 

The first cause assigned by our illustrious author is, the 
short space of time which, notwithstanding the lapse of so 
many ages, had been at all productive in the discoveries 
of science. He beautifully compares duration to space, 
and places before us the emblem of a barren desert, as a 
fit representation of that lastmg sterility which had reign- 
ed over the tracts of time. Scarcely siiL of all iba qj^xv- 
.turies preceding the age in wh\cYv \\e XiiN^^ e»\^^^^^^- 
garded as, in any degree, excepUoivs Vo >Cws» ^xskw^"''''^ 
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' ter of the human mind. The middle ages were prover- 
bially periods of gross and palpable darkness. Men of 
leisure were found shut up in the gloom of monasteries ; 
and rarely did a ray of genius emerge from these cloistered 
solitudes, and find its way into the theatre of human life, 
so as to improve and embellish it with inventions like those 
which have, in our happier times, rendered it a scene of 
ever new and increasing wonders. 

Even at the best, the comparative iieglcct of the philos- 
ophy of na^wrc, properly so called, may be regaraed as 
another source of the slumber of the human intellect, and 
of its inefficiency in attaining to anything like a just meth- 
od of science. The sublimest geniuses, allured by gain, 
or by the love of speculation, exhausted their energies in 
the disputes of a scholastic theology ; or, at a more early 
period, among the Romans, were almost wholly devoted 
to politics. Mathematical and natural science, tlie parents 
of all mental discipline, had lost the footing they had ob- 
tained among the remoter Greeks, almost from the time of 
Thales ; and even the great moralist, Socrates, had con- 
tributed, in a considerable degree, to turn away men's 
minds from the contemplation of nature. Thus llie most 
definite and tangible sources of our knowledge — those 
which are peculiarly adapted to fix and regulate the oper- 
ations of the mind, by perpctuaUy recalling its attention to 
what is seen, and felt, and heard — were abandoned ; and 
the human imagination was suffered to roam in a shadow)' 
and aerial rea;ion, amid a scenery that was not nature's 
creation, but its own. 

Again, where some taste for the study of nature herself 
did exist, scarcely one single individual was found to de- 
vote himself wholly to this pursuit. Nature was still not 
sought for her own sake, but was made the handmaid of some 
profession ; and to this she was enslaved. Nature was not 
regarded as the parent of the sciences ; and these, by stand- 
ing too much alone, resembled the branches of a tree attempt- 
ed to be kept alive separated {torn the root and the trunk. 
The true end of science a\?>o \\^"5> m^5itoktu,''''>^\^^R,^^* 
sa/s Bacon, " is to enrich huuvaiv \\^e nn \>\\ ws^^iSx^ ^>s\2. '«s^ 
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inventions ;" and philosophers had made it their chief ob- 
ject to be at the head of sects ; to aggrandize their own 
nine ; to gam dominion over the minds of men ; or to ob- 
tain some other exclusively selfish end. Almost every 
kind of inferior aim was by turns the lord of the ascendant, 
.wfafle truth, immutable, unalterable truth, loved and sought 
&r its own sake, was eclipsed, or cast into the shade. 

Besides, had the end itself been right, yet the method 
fffos wrong. As this is the mam drift of the first pait of 
the Novum Organum, we can scarcely insist on it too 
much, since nothing is more important here than to re- 
member, that so long as any gross impropriety exists in the 
manner of investigating truth, the most strenuous labor 
must be in vain. All things were left, as it is strongly ex- 
. joessed, " to the darkness of tradition ; the giddy agitation 
and whirlwind of argument ; the waves and windings of 
accident ; and a vague, uninformed experience." The first 
inquiry had always been, to know what others had said 
and thought on the given subject. This was usually re- 
ceived, and to it were added the vagaries of the inquirer 
himself. Such a method could, of course, only propagate 
and perpetuate error ; and in such a state of things truth 
still remained shut up as in a labyrinth. 

The blind reverence for antiquitij, also, which had pos- 
sessed the minds of men, and the devotedness which ^ex- 
isted to great names, well accorded with the feeble eflbrts of 
the human intellect, and formed a striking feature in the reign 
of darkness^ Tlie assertion of a philosopher was almost 
the only specific against error, and the chief support of 
truth ; whereas, observes Lord Bacon, " truth is justly to 
be called the daughter, not of authority, but of time ;" in 
other words, time and patience alone can furnish the op- 
portunity oJf that observation and experiment on which 
Knowledge must be legitimately founded. The argument 
addressed to human modesty, as the logicians termed it, 
was, however, often received with a kind of te.\\^csvys» ^j>jn^^ 
even when the proposition affirmed, \t, m^^e^^>^'^^^'^^'^'^'^^ 
at all, was revolting to common sense. Ix ee.\\i\s^ <3Visq 
o be no subject oC complaint, that \\\\s \s v\ve >^ec>^«x ^ 
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linquency of the age in which we live. Even the ovw- 
jK)wering genius of Neviton has not preserved bis theoiy 
Ironi opposition in very recent times — an opposition, nevc^ 
thelcss, only to be viewed as the result of that most desin: 
ble freedom of inquin', wliich was r^most unknown lo ihe 
ancients, and which can at no period issue in amtliinc te 
the additional, or, we might say, the superfluous, confr 
mation of the Newtonian philosophy. To believe wiihotf 
examination, however it may accord with our natural iwio- 
Icacc, is unworthy of the mind of man. In such an asseru. 
its noblest powers are more than dormant and useless : ihw 
contract, if wc may so say, by every such repetition of 
what is not wortliy to be called belief , a sort of rust and 
stiffness, that unfits them entirely for all original and unbi- 
ased inquiry, and which ends only in rivettmg the chaiii 
of ignorance and error. 

Similar in its effect to the admiration of great names, i: 
the tendency to he iJazzleJ with whatever rises, in the least 
degree, above the ordinary level in the productions of tbf 
human mind. Too much satisfaction and complacenrT z 
what has already been attained may have the etfect of cb" 
structing further progress. This, Lord Bacon obscnes, 
Jias particularly shown itself in the inventions of the me- 
chanic arts. We are, perhaps, more ready to rest in C5 
empiy admiration of what has been effected, and to arau5* 
ourselves witli the apparent opulence of human power. ih?.:i 
to reflect on the little progress that has been made in brins- 
ing matter under our control, and to consider the \-ast deld 
that still lies open before us. After all, in mechanical in- 
struments, the ultimate principle is very simple — all mav be 
reduced to a few laws of nature. In a clock, for instance, 
which seems, in one view, to imitate the movements of the 
ljeav(Mily bodies, and in another, to resemble the pulsatiori 
ol animals, by its regular and successive motions, a Itw 
principles only are ukimately employed, as the law of pen- 
dnJums, depending chiefly on gravitation. With what sen- 
tiiTientfi, however, wou\d \\\c ;iv\evei\vs VvaN^V^^u^don sui'h 

an invention as vlic sUian\-cw^\i\c, \w wVvxOkv^ wsx^t^ss^cfc. 

fhe whole of the nove\ty, smcvVj «.Y*e?^^:vA^^,\\^'3» Vcv^^ai-q 
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plication of the expansive power of steam ! The causes of 
retardation in the improvement of knowledge, dweh on in 
this part of Lord Bacon's work, have certamly been coun- 
teracted, in our time, by tliat rapid succession of inventions 
which has marked the increase of the sciences, tliough, in 
odier respects, there would be much more to foster tlie 
complacent admiration he speaks of. 

Another considerable cause of error and ignorance to the 
world, is placed, by lliis most accurate observer, in the ped- 
antry of philosophers themselves, who have contrived to 
impose on mankind by their pompous airs, and affected 
manner of teaching — ^by the trickery of a meretricious and 
bombastic oratory, and by the subtile divisions and defini- 
tions they have employed ; so as to inspii*e the vulgar with 
a profound idea of their wisdom, and to leave the impres- 
sion that the sciences were exhausted by tlieir learned la- 
bors, and notliing remained now to be investigated. No 
doubt this has, in every age, been a ferdle source of obstruc- 
tion to human improvement. Tlie most dignified, and even 
sacred professions have been too often degraded by a con- 
ceit and a quacker}^ which, while it has disgusted the dis- 
cerning, as the subterfuge of incompetent effi'ontery, and 
has proved an injurious bar to the exertions of modest and 
genuine merit, and to the progress of pure truth, has not 
failed to gain its own selfish ends, in die plaudits of an ig- 
norant multitude. The only cure for this evil is the gener- 
al difiusion of knowledge among all classes of society, which 
is, most happily, a leading feature of the present illustrious 
times. 

The ancient and erroneous systems of philosophy obtain- 
ed an additional hold on the public mind, also, in conse- 
quence of the vanity and tlie extravagant pretensions of not 
a few individuals of more modern date. Lord Bacon had 
to encounter this disadvantage in the very enunciation of 
many of the topics of inquiry to which he desired to recall 
the attention of the world in a just and scientific metKo<k\ 
we allude to his notices for increasing rcieo? s> ^c,o^'^M^^5M^sJe 
m'tb the mineral kingdom ; for oblaimng^ TCVOYCi Srfctxxsa&iw^ 
vi'tb regard to the winds and the weatY\ei •, \5cv& ^xsfi.'ssx^ 



prolonging human life, and other inquiries. He cwnplailil 
of the weakness and imposture of many who had aiifflsei 
tlie credulity of mankind with great promises, in relJeieDW' 
lo such topics as the retardation of old age — dje relief 6 
pain — cures for tlie deceptions of the senses — the mefhol 
of exciting the affections By sympathy, or a species of nninw 
magnetism — the exahaUon of the intellectual facultisfl— lb* 
transmutation of substances, as professed by the alcbeauso 
— the procuring of celestial influences — divination of fiitarS 
events — ilie revealing of secrets — and oiher such like cr" 
jurirfg. Thus, as real history may someiimes have sufl 
ed in its credit from fiction, — end there are somewhowB 
consign ihe conquests of Julius Cxsar lo ilie same sc^ a 
probability with the fabled exploils of Arthur of BritaiD,(i 
Amadis de Gaul, — so itie spirit for great designs h»s ber* 
quenched by the dread of what might prove chimerical ii 
romantic, and men have been contented to repose in U 
solemn and received dc^mas of antiquity. 

" So great, moreover," adds Lord Bacon, " has l)« 
the pusillanimity and indolence of men, thai they have w 
wont to satisfy ihemseWesvii^veri/ shnder perjomaneal 
often exalting with the title of new meclianical invenOi 
what were, in fact, nothing more than some iriSing nw 
cations of old ones — this has been another barrier, he G 
siders, to the advancement of the sciences. 

But one of the most formidable obstacles lo the g 
knowledge of nature is to bo found in the super 
which has minted itself widi the great and momeutout M 
ject of religion. We learn from Ai'isloplianes, in ^ 
play of " The Cloitiii" thai among the Greeks, tho9e m 
first Bitempied to assign the natural causes of thunder ■ 
storms were condemned as the enemies of the gods. H' 
did some of the early Chi'istian fathers, as our author I 
marks, mset with much less severe anathemas for dafiqg 
assert, on ihe evidence of infallible proof, the spherioli^ 
urc of the earth, and the existence of antipodes, or 
ar Oie other side of ihe ^o\)e,w\«fie, few ace om 
otiis. It is known to tvioffl. o^ om ttaiet^ "Iwa. ^■^ffi 
:iii-eaioi- of the telescope, wa^s coi«\ga«4LAa^S& few 
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iquisition at Rome, for tlie crime of asserting the mo- 
/the eartli round its own axis, and was condemned to 
inance, by repeatmg once a week the seven peniten- 
salms for the space of tliree years ! — ^Tlie blending of 
;holastic and Aristotelian philosophy with religion, in 
liddle ages, was a fruitful source of this kind, 
•rd Bacon's remarks on this subject are so just, and so 
tant, diat we shall quote him at length. '* As things 
ire," he says, " it is still more difficult and dangerous 
icourse on nature, on account of the summaries and 
>ds of the scholastic divines, who have, with all their 
, reduced theology to order, and fashioned it into an 
md have, moreover, blended too much of the dispu- 
3 and thorny philosophy of Aristode into the body of 
m. And to uiis subject, though in a different respect, 
g the labors of those who have ventured to deduce 
onfirm the ti'utli of Christianity from the principles 
uthority of philosophers ; celebrating widi great pomp 
Dlemnity the intermaniage of faith and sense, as a law- 
lion, and soodiing the minds of men with a grateful 
y of matter, while at die same time they have rashly 
icongruously mingled things divine with human. In 
medleys, moreover, of divinity and philosophy, only 
tilings are admitted which ore now received in philos- 
whilst things that are new, though better than the 
ire almost entirely excluded. In fine, we perceive, 
through llie ignorance of certain divines, the passage 
Mphilosophy, though ever so true, is almost blocked 
For some are foolishly alai-med lest a deeper inquiry 
ature should transgress the bounds of sobriety ; and 
njudiciously wrest what is said in Scripture against 
who pry into divine secrets, and apply it to the hid- 
things of nature, which are nowhere forbidden, 
•s, with greater craft, imagine, tliat if men are kept in 
ince, all things may be the more easily managed by 
rity of hand, and the divining rod, which they think 
hly serviceable to religion: this, Vvov?e\^\,\^ w^J^xei'^ 
ian to aim at pleasing God by a \\e\ Cy^e\^, ^'^ 
the effbct of example, lest any c\\^;iv^<a^ ^sA ^coss 
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ments in philosophy should fall at last on religion itsdi I -p 
Others are afraid lest, in the inquiry into nature, something I tn 
should be found which may overturn religion, or at leas I !i2 
undei-mine it, especially among the ignorant. These t«o I z 
latter kinds of fear appear to me altogether to savor of i j I 
grovelling wisdom ; as though men, in their secret thougbtai 
were doubtful and distrustful of the stability of religion, and 
of the power of fsuth over the senses, and on this account ap> 
prehend danger to it from the search after truth in natural 
things. But whoever considers anght will acknowledge, 
that, next to the word of God, the most certain cure d 
superstition, and the best aliment of faith, is the knowledge 
of nature. Therefore philosophy is given to religion as lier 
most faithful handmaid ; the one manifesting the will, the 
other the power, of God : nor did he mistake who said, 
^ Ye err, not knowing the Scriptures, and the power of 
God,' thus inseparably blending and joining together the 
knowledge of his will, and the contemplation of lus power. 
In the mean time, it is less to be wondered at that the in- 
crease of natural knowledge has been restrained, when re- 
ligion, through the ignorance and incautious zeal of some, 
has been set in opposition to it." 

The customs of leai-ncd societies had also, up to the 
time of Lord Bacon, proved a serious hinderance to the ad- 
vancement of knowledge. In the schools and universities 
of Europe, scarcely any room was given for improvemenL 
which was branded with the invidious name of innovation, ao 
alarm that could not but prove fatal to the interests of pure 
truth. If any one dared to exercise die right of judging for 
himself, he could hope for no encouragement from others ; 
and if he possessed sufficient independence of mind to stand 
alone, he must pay for his temerity with the loss of his for- 
tune and his good name. All was rigidly confined within 
certain rules, and a given track was marked out as thai :a 
which every one must go without deviadng either to i::e 
right or left. Little scope was afforded to the |)ower of 
genius, which could hardly cxywind upwards beneath the 
OFerwheJ/ning load of sc\\o\asuc \iTcy\v\\c^ >\\\!ix vc^vg^ssia 
down. Perhaps even in out owu ev^\^\xtwi^ ^-^^ Vt\fi <^ 
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universities of Europe are entirely emancipated from 
biese shackles, as may be seen from the tendency there 
-as always been to adhere to an Aristotelian division of 
bie sciences, instead of following nature. ^' Unwilling as 
am," s^s Mr. Stewart, at the close of his second volume 
^ik The rhUosophy of the Human Mind^ " to touch on a 
Dpic so hopeless as that of academical reform, I cannot 
l£miss this subject without remarking as a fact, which at 
<Kne future period will figure in literary history, that two 
lUDdred years after the date of Bacon's philosophical 
vorks, the antiquated volume of study, origmaUy prescrib- 
k1 in times of scholastic barbarism, should in so many uni- 
rersities be still su£fered to stand in the way of improve- 
oents, recommended at once by the present state of the 
ciences, and by the order which nature follows in devel- 
oping the intellectual faculties." 

Lord Bacon also complains that in his time arduous en- 
leavors at improvement were not rewarded. The power 
if advancing knowledge must proceed from the energies 
nd exertions of superior minds, but the rewards which 
weeten labor were in the hands of the vulgar and untu- 
pred. Even the boon of praise was, he observes, with- 
leld, since the flights of elevated minds are above the reach 
)f flie crowd, and are disregarded through the force of 
prevailing prejudices. 

Finally, science was kept in bondage by a kind of sullen 
iespcdr of success, and the supposition of impossibility at- 
taching to any new endeavors. Such are the causes as- 
signed in the Novum Organum as the principal sources of 
continued error and uncertainty in the pursuits of knowl- 
edge and science. 

VI. Cfrounds of Hope r^arding the Advancement of 

Science. 

m 

In that division of the work which we may call the sixth 
section, our author proceeds to tte^t oi \>cvft ^Qfxwv.^^ o^ 
h^y^ for the further advancement o5 xYv© ^\ewe,ea»^«sA'^^ 
general improvement of knowledge . TVvxaa^^a x-mrproxiew* 
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m H o viga tim «u lo be regarded as tlie harlnnger of good 
to die icieDen, bb enlarglug the field of obseiABlion, ind 
teoding lo incraML our knowledge of uaiui«. 

"Hie ray errors of past timts, likewise, property vitiwwi. 
(umMwd ft faap0 of amendment. Dentosihenee cndur- 
ored to mm tfae Athenians from desjwDdency tu ann 
theinaelnt-m^ully against Philip, their great enemj, l>y 
telling than tint even their past misfortunes should ben- 
mded ps ai onen of their future success, since tbvy mae 
mm tbdr own negligence ; whereas, if tbey bud Mnw 
ooily exflfied thonselves. and had still been utauoixaM, 
tb&y m^^ jnsdr have despaired of tlie future: so, ia dw 
Mnraces, it would have been presumptuous to expect aojr 
erest iiuprevciMnt, if we could liave supposed munkind tt 
naye tnTetted ao long in the proper I'oad to truth wilJiw* 
reaching it; btit as they had evidenlly luislakeD tlie my, 
bope of fiAnvnccess must be sought tn firm reltmiini tu 
the righr path. The true method of science is ingeiiiouf- 
ly compared to the economy of the bee, which first giilii- 
era matter from the fields and gardens, and then d^rW 
and prepares h in- use by her own native powers : "»." 
Lrafl Bacon observes, " the matter of philomphy must l« 
carefiUly ccflected from nature, and then, after being di^- 
ed and elaborated in the understanding, mtisl be trvasiirMl 
up in the menxny ;" in otiier words, additional liopeof id* 
vancement in the sciences is to be found in the union uf 
things that had been (h^oined ; 4ai is, a 9trtc( combiuaSt* 
ofexptrimee mih eaJadation and rcasonivg. In all ibr 
schools of Greece, natural pbikleophy was blended »iih 
some fbrrip admixhire, and was never studied purely mrf 
by itself. Tbo AristoteliaDs comipted it with a pervemon 
of logic ; tbe school of Plato mixed it up with an ima^- 
tire tbeokiey ; ibe second scfaool of Plato, Produ». anil 
others, made it lo arise out <rf tnatheinatirs ; whereas ii i» 
jusdy remariced that mathematics ought " not to eenerai* 
or create natuni phjlosopbf, but only to lennineto ' 
, perfect it ;" diat is, Ate tuAs «nb \%>hs c^ waitare n 
Boudit iodepeDdently, ot m TSttwte \\etw:\W\VKv , 
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them, as has been exemplified in several of the tracts at- 
ready before our readers. A return to the study of natu- 
ral philosophy in a. pure and separate form, was another 
source, thjerefore, of hope. 

So also it might be expected that in future some phUoso- 
pher might arise of sufficient independence of mind and lof- 
ty genius to fi'ee himself and the world fix)m all the old and 
hackneyed theories : such a person, it is lamented, had not 
then appeared. How prophetic this was of the immortal 
Newton, who burst upon the world almost immediately af- 
ter the death of Bacon, his forerunner, and how complete- 
ly he emerged fi*om the rude and undigested chaos of 
ancient &ibles into the liglit of truth, as those very comets 
whose laws he laid down issue from the dark abysses of 
space to their perihelion, the reader is sufficiently aware. 

Much, very much, is also augured, as likely to arise 
from a better history of nature than had as yet been col- 
lected. The accounts which had been extant of the ap- 
pearances and facts in nature had been chiefly founded on 
popular reports, indolent observations, and often on mere 
idle tales ; and the whole had been so fi-amed and turned 
as to strengthen the existing opinions in philosophy. 
Almost every thing in the histoiy of nature was undefined 
and vague ; much good must, therefore, needs have been 
expected to accrue fi*om a more accurate register of facts 
and experiments. Bacon exhibits a rough sketch of such 
a lustory of nature in his Sylva Sylvarum, m his Tables, 
and in other parts of his works ; the merits and defects of 
which we shall have occasion to notice hereafter. 

Similar advantage was to be anticipated fi*om a more en- 
larged stock of mechanical experience, and a more enlight- 
ened attention to the most instructive facts of this kmd. 
The workman is apt to think only of what is usefiil to his 
immediate work, and is not concerned about the discovery 
of truth : but, in order to improvement, recourse must be 
had to experiments, which, though useless, perhaps, as to 
direct and immediate profit, may be of gte^ \nv^t\»s\K^ ^& 
tojpeneral information. 
To tliis larger and more accurate slocV. cA e!L\let^KO&« 

22* 



258 ACCOUNT OF LORD BACON's 

Lord Bacon agmn insists, must be added the method 
duction ; or, as before explained, the pursuit of knov 
by reasoning from particulars to generals, from which 
thing is to be hoped. In order to render this met) 
efficient as possible, it is strongly recommended accu 
to commit to writing all the materials of philosophy, t 
the facts and observations on which general principl 
to be founded ; by no means trusting them, as had t 
ten been done, to the memory, whose defects were u 
supplied by a fanciful invention. To give this methi 
greater perfection, it is remarked that tdbles should h 
lor the clear arrai^ement of the facts, according to tl 
ture of the subject ; and from these tables axiom*, a 
end principles, should be carefully formed, graduaUy 
from the less to the more general. It must be ad 
edged, indeed, that many discoveries had been made 
dentally by the alchemists, while seeking to make sihn 
gold ; yet it is evident that more is to be expected 
ventions from industry and method, whether we co 
the number of such iscoveries, the saving of time, i 
adaptation of the thmgs discovered to the supply of our ^ 
Men are more likely to find what they are carefiill 
intelligendy in search of, than what is left merely t 
operation of blind chance. 

It was to be regarded as an additional ground of 
that some things already discovered were such as hac 
viously never entered the mind of man ; or which v 
in all probability, have been despised as impossibiliti 
any one had declared them likely to be found out. 
powder, though a destructive invention truly, may I 
ken as an instance. If, before this discovery had 
made public, it had been declared that there was a m 
of battering down walls, and making an impression c 
.strongest fortifications at great distances, those who 
of it ivould instantly have supposed that this was efi 
by increasing the power of the common en^nes o 
that were previously Va x^ae, ^sX^^vverov-t T%ms^ and 
machines of the same V!\x\A\ ^\v\^, ^ ^^o^t^^tb 
done by means of addiUotvaV ^ex^xa, ^\»»\&^ V!J( 
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and the various combinations of tlic mechanical powers ; 
" but no one," says Bacon, " would have thought of a fiery 
wind which should blow with such a prodigious expansive 
violence, no obvious examples of such effects having been 
previously seen, except in the sublinicr operations of na- 
ture, storms, thunder, and earthquakes, which it would 
not be supposed were imiial)le by art." Perhaps, to the 
ancients, the expansive force of steam, now so extensively 
employed, would scarcely have appeared less wonderful, 
wluch, while it possesses such amazing power as to pro- 
duce the most terrible effects when allowed to explode by 
being confined, is yet capable of being regulated at pleas- 
ure, and directed to an immense number of useful works 
with the greatest advantage. The invention of silk is 
mentioned as another example. So, likewise, if, previ- 
ously to the invention of the compass, it had been said 
that a certain instrument should be made known, which, in 
thfs open sea, and in the dead of night, when neither stars 
nor moon appeared, would exactly point out the quarters 
of the heavens, and that this instrument was notliing more 
than a metallic substance, which might easily be overlooked 
among the similar productions of the earth, this would 
have seemed almost incredible. Whence it is aipied that 
many other things may yet remain in nature that mi^ht be 
of great service to mankind, which have little relation or 
analogy to the things already discovered. 

Again, on the other hand, there are inventions of such 
a kind as easily to be overlooked for want of method, 
though they may almost, so to speak, stare men in the face. 
While some thmgs, as gunpowder, silk, the compass, su- 
gar, paper, may seem to depend on certain properties to 
be developed by Nature herself, yet other things, the art 
of printing, for instance, contains nothing that is not obvi- 
ous and completely within human power; nevertheless, 
the world was for many ages destitute of this admirable 
invention, which is so intimately connected with the prop- 
agation of knowledge. Hence a ground of hope that 
science might he improved was to )Qe Aswmv^ wo\ xsnrx^ 
6om the consideration of theuiikno\vivo^ewiviTkS»^^'^^*^^^ 
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hereafter to be discovered, but from die probabie resii||l 
of transferring, compounding, and variously applying tlufl 
laws and operations which were aheady known. ^M 

Lord Bacon also derived encouragement from reflecti^fl 
on tbe inimense expenditure of time, genius, and propeiM^ 
that had been bestowed on pursvics of little or no we, 3M 
luding, probably, to alchemy, the professed magic anJ 
astrology, etc. ; since, if but a small portion of this J>b^| 
should come to be bestowed in d proper manner, and dfl 
proper objects, great tilings might De expected to Tem^M 
especially would such extensive and laborious AwMrwl 
of lhe/arf« and operatiom of nature as he reconunendai] 
be the source of expectation. "A great and royal wc«k 
truly this," he says, "and of mucli labor and expense.^' 

As a further ground to suppose that human ksowle^;* 
might be improved aud increased to an extent of whi^ 
some were inclined to despair, Lord Bacon wtFodiicei 
his own example, "not," he modestly says, " by way of 
ostentation, but because it may be usettil." He usuea, 
that if he himself — a man as nnicli employed in civil ciCkitE 
as any other of the age in which be lived, for he was Lord 
Chancellor of England at the time liis Novvm Orgmum 
WHS published ; — if he, a man of but infirm heallJi, has liuti 
the honor tJ lead tlie way imossisted by any coadjiiior. 
in the new and untrodden path whicb he here attempts to 
point cut to posterity ; wlial may not be expected from 
men of leisure ; from a union of labors ; from : 
division oif them, and from opportunities afibrded by t 
successbn of ages? He concludes his remarkB oo t 
grounds cai whidi is founded the hope of advanciag ti 
sciences, by miimaiing that even were this expectadoniiuici^ 
less than be rightly deemed it to be, or, to usehia omilai^ I 
guage, ".tlthotigh a much weaker and fainter br«ete of 
hope should breathe from this new continent" or wufidof I 
science, which he is endeavoring to pomt out ; yet It would I 
be wonli men's while, at all events, to wake eficffts to e»- I 
plore nature by the li^tlof t.t\k new me±od : thi»« <m4 J 
^^t Jeast, n cAonoe ai aucce^ tesii\<\(\^ ^\q^« x.^m>ve I ' 
^HVcas, to sit down m ies^nianc-j , wtA \n 4s)3m«.^ 
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^c oougiwcucu e^erdonSy could lead to nothing but ignorance 
and error, and was unworthy of the dignity of the human 
mind 



Vn. Further ReTnarlcs preparatory to the Inductive 

Method. 



I . 



The last or seventh section into which this former part of 
the Novum Organum may be divided, is designed to give 
Mome farther idea of the new method here proposed of in- 
terpreting nature. This, however, is done rather by way 
of guarding the reader against erroneous expectations than 
by developing the method itself, which he reserves for the 
second part. ^^ Having now levelled and polished the 
fliirror," says our author, in his figurative and expressive dic- 
tion, '^ it remains that we set it in a right position, or, as it 
were, with a benevolent aspect towards the things we shall 
farther propose. For to a new undertaking, not only a 
prepossession in favor of a rooted opinion is prejudicial, 
but a false notion and imagination of what is proposed to 
be done is equally so. We must, therefore, endeavor 
to convey a just and true idea of what we intend." 

In order to prevent misapprehension, he again cautions 
his readers, as he had done at the outset of his work, 
against supposing that he aspired to be the founder of a 
new sect in philosophy, after the manner of the ancient 
Greeks. It was his aim, and it was an aim worthy of such 
a master-spirit, not to reign over men's opinions, but to 
conduct them into the temple of truth, from whose inmost 
sanctuaries they might obtain such a panoply as would 
enable them to extend the boundaries of man's power ovei 
■ature, not in the noisy triumphs of a scholastic warfare, 
bHt in glorious victories over ignorance, pr^udice, and 
error. Though he thus disclaims the idea of attempting 
to found a new sect, it must be allowed that he possesses 
that honor in the highest sense ; for if we were, in the 
most general manner, to designate the philosoi^hers of 
modem times, in contradistinctioxi to xYv^ Nx^\cXj^>«s!& "ks^ 
PJatoaists of an earlier period, we sYvovMcaSi^^^ov^^**^ 
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nians : Bacon may himself very justly be accounted the 
father of the moaem phUosophy. He, however, coo- 
tents himself here with aspiring, as he says, ^' only to sov 
the seeds of pure truth for posterity, and not to be want- 
ing in his assistance to the first beginning of great under- 
takings." 

Lord Bacon wishes his readers, in perusing his w(»i, 
not to be prejudiced against the method he recommeDds, 
nor disappointed on finding that he has not made any vezy 
striking discoveries, which, indeed, he does not profess to 
have done ; his design, in fact, beine obviously of a nioie 
general nature. For though in the N^ovum Or^anum, and 
m his other works, indications and outlines of discoveiy 
are to be found, yet he considered that, up to his time, there 
was no sufficient collection of facts and appearances, to I 
enable any one to enter with advantage on the genuine 
interpretation of nature. StiU he did not wish to discounp 
any from eitiploying their sagacity in attempting to make d»r 
coYeries on the foundation of what was already knoini; or 
from making use of his own tables and outlines of a histon' 
of nature, to this end ; but his own great object, he re- 
peats, was to prepare the way for future improvements, 
and not to neglect this his main design, for the sake of 
hasty and unseasonable diversions, like " Atalanta" in the 
fable, who lost the race by stopping to pick up the golden 
apple. "For we do not childishly affect golden fruit, 
but place every thing in the victory of art over nature." 

He next cautions the reader against the effect which 
may be produced on his mind from meetine with some ex- 
periments in the history of nature, and tables of invention, 
which seem not well verified, or which may even be ab- 
solutely fahe. Such errors are to be expected to creep 
in at the da^^Ti of the day of Science, and Lord Bacon 
was certainly by no means free from them. It must not. 
on account of a few such oversights, be suspected that the 
inventions he would point out are grounded on doubtful 
principles and erroneous foundauous \ and he argues that 
// any should be disg;asxed v;\lV\ sorofc ^"MVYoSSax TOffifioks^ 
in his account of facts \i\ nalwe, vjYv^x mw^Xsfe ^^ncia^^ 
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the remiss and negligent method that had hitherto heen 
employed, and what of the philosophy and of the sciences 
that were built upon such '' quicksands ?" 

Nor are men to turn away from the inductive method, 
or from the experiments it demands, as if in some cases it 
dwelt too much on what micht seem minute, or trite and 
vulvar; since great mischief has arisen from many things 
havmg been spoken of as known and ascertained, of which, 
in &ct, little was understood. Tlius, in the philosophy 
that was prevalent, ^avt^, the celesticd motions, heat, cola, 
hardness, fluidity, density, animation, similarity, organiza- 
tion, were all the subjects of dogmatic assertion, while lit- 
tle that was satisfactory was said respecting them. Men, 
however, must condescend to attend to the commonest 
things if they would acquire knowledge, and to things dis- 
pleasing to the senses. The design here is " not," he says, 
" to buUd a capital or erect a pyramid tq the glory of man, 
but to found the temple of the universe in the human intel- 
lect." None are to suppose, what the vulgar are too ready 
to imagine, as well as all who were devoted to the existing 
philosophy, that the minutiae here laid down are tedious 
and subtile ; they ousht rather to consider that, for a time, 
eflbrts should be made to increase the materials of knowl- 
edge, to kindle the light by which nature may be exam- 
ined, and that a too great impatience for immediate advan 
tage should be checked. If any one should be inclined to 
di^gard the cautions, principles and axioms laid down 
in the method of induction, as needless subtilties, what 
would he say to the schoolmen, who are full of subtilties, 
" without end as without fruit ?" 

As an apology for what to many would appear a bold 
and daring attempt — ^that of rejecting all the sciences, and 
all the ancient masters in philosophy as with one stroke, 
without admitting the authority of any one single renowned 
name of antiquity, and trusting only to his own unaided 
strength — the author remarks that, were he disposed to act 
insincerely, it would not be difficult to persuade men that 
whBt he here attempts is but a revivai oi \h\^ xw^ex. "ksssssk^ 
method of science, before nature vjas ^xiv^w^^ \5^«^ 
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m with the " flutes and trumpeis of die Greeks j" anU 
wall acquainted as Lord Bacon was wHh the mythologp ^| 
the ancients, it woulfi have been easier, perhaps, lbrhi^| 
to have gained over the admirers of antiquity by itits e:3 
pedtent, than to render palatable a system which preseotqfl 
no gaudy and alluring theories, and which came out entlEM 
ly as a modem innovation. But with that asionis])ine d^M 
gree of freedom from the shackles of prejudice, considetji^l 
the time in whicti he liverl, and that devotedness to naiiofl 
ti'uth for its own sake, which was so characteristic of ti^M 
great philosopher, he disdains all such " stialsgem and ii^| 
posture," and relies exclusively on the evidence of thin^f 
themselves. It is bis object to pWe before the miDd, not t^| 
inock models of the world which odiers had framed, of whigj 
the theories of Aristotle, Plato, and Epicurus, are spe(^| 
mens, but to present tlie world's true model as it exists ^| 
nature — to trace before ihe eyes of men tlie esanl lines ^H 
truth. S 

Another objection, which it is supposed may be allege4H 
is, that, notwillistanding all the latior here employed IS I 
impress on mankind this new method of studying the sci- 
ences, it will probably do no more than land us at lengih 
in some one of those, systrmt of philosophy which preva^d 
amiMig the ancients — that ihcy, in the beginning of llieir ■ 
mvestigations, procured a large slock of observations aii|' 
experiments, and digested them bto books and lajflet, M 
is here recommended, and from these sources exiracia 
the matter of their theories ; but thinking it needlws li 
publish their notes and minute observations, those jBStflid. 
of their labors are now lost to us, — as architects, DAer t] 
building is finished, take down the scafiblding and fi 
work, and remove them out of sight. To this it is afl: 
ed, that though it is difficult to suppose the ancients e_. 
pleted their works without some such collection ofmattDalfl 
yet, at all events, it is certain, fi'om tlieir writings, tliat tt 
method of philosophizing was no other than flying 1 
dnm some particular examples to general conclusions , 
jf^n y new examples oiicuKeA,^neMSQ%TiR asiject hoe^ H 
^^^fevorile ideas, tHe^ GViciRX coviVwwi\n'«>^!**'4(«s&Wi " 
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Id squ^e with these, or else struck them out as exceptions, 
thus sacrificing every thine to their beloved theories. Now 
the very method here insisted on, Bacon argues, of rigidly 
adhering CMily to those principles which are common to all 
the particulars and examples, precludes the possibility of 
arriving at the same results with the ancients. 

Nor can it be fairly charged upon this method of care- 
fully attending to all the facts of the case before drawing 
the conclusion, that it leads to scepticism, since it is not. 
the disposition to doubt, but the art of doubting properly, 
that is alone inculcated ; and it is preferable to know some- 
thing in a certain manner without supposing we know all, 
than to think we know all, and yet remain in actual igno- 
rance of that which is most necessary to be known. 

Lest it should be supposed, moreover, that the propos- 
ed plan only extended to tlie improvement of natural 
philosophy, more properly so called, he distinctly informs 
his readers that his design is of tlie most general kind possi- 
ble. The method of induction is equally useful in all the sci- 
ences. It is alike applicable to ethics, politics, \he philos- 
ophy of the human mind, chemistry, botany, and every 
t>ther branch of knowledge. 

As a further stimulus to a vigorous pursuit of science in 
this enlightened method, this first part of the Novum Or- 
ganum closes with a few additional reflections. It is urged 
that the discovery of truth, and noble inventions, holds the 
most excellent place among the actions of mankind. An- 
tiquity, with all its errors, was perfectly alive to this senti- 
ment, as is sufficiently evident by its attributmg divine 
honors to the inventors of the arts, as to Prometheus, 
who is represented as being the giver of fire to mortals, 
and is celebrated in -^schylus as a deity — ^while it was 
usual to award heroic honors chiefly to mere legislators 
smd the founders of empires. The inventions of science, 
it is observed, " benefit mankind to the end of time ; while 
the advantages conferred by warriors and statesmen may 
last, in many cases, but for a few ages, and sometingijes 
have their origin in tumults, and the mosX \kwW^ ^'ssJ^- 
ions of war. '^ The eflfects of the Vrwex^ow ^l^i\s&ap^'»s^ 

23 
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of the mariner's compass, for example, have been altogether 
prodigious : by these great instruments, navigation andcom- 
merce have been extended over the whole earth ; " diviite 
and human learning," to use the words of Milton, " hare 
been raked out of the embers of forgotten tongues," and 
the face of the world has been changed, in all its fea- 
tures, physical and moral. 

The design of promoting the advancement of the sciences 
is further pronounced a far nobler object of ambition than 
either private aggrandizement, or even patriotism itself. 
"The first," says Lord Bacon, "is vulgar and degen- 
erate ; the second, tliat is, the ambition of those who en- 
deavor to raise their own country in the scale of nations, 
is more noble, but has not less of cupidity : but if any 
one should labor to restore and enlarge the power and 
dominion of the 'W^hole race of man over the universe rf 
things — ^this kind of ambition, if so we may call it, b 
without doubt more wise and dignified than the rest. 
Now this power of man over things is entirely founded 
in arts and sciences." 

" Finally," adds this illustrious author, " should any 
one object that the arts and sciences may be abused to evil 
purposes, as luxqry and wickedness, let this sentiment be 
allowed to have no weight. The same objection would 
equally apply to all the most excellent things in the world 
— as genius, courage, strength, beauty, riches, and even 
light itself. Let tlie human race regain their dominioo over 
nature, which belongs to them by the bounty of their Ma- 
ker, and right reason and sound religion will direct the 



use." 



Thus did this vast genius point out to mankind the causes 
of those errors which so long effectually obstructed the piths 
of science; thus did he encourage them to hope tor t 
brighter asra, and give directions for the more successfid 
pursuit, in future, of knowledge and truth. The second 
part of the Novum Organum contains a further develope- 
ment of the principles of the Inductive Method^ with the 
author's own examples ot \\s m^ •. %iv^ \x ^w^ Vsosk. ^fcft «ib- 
ject of anotlier Treatise. 
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CHAPTER I. 

r MAN, REGARDED AS A CREATURE OF INSTINCT, OF REA- 
SON, AND SPECULATION. GENERAL INFLUENCE OF 

SCIENTIFIC PURSUITS ON THE MIND. 

(1.) The situation of man on the globe he inhabits, and 
Ter which he has obtained the control, is in many respects 
cceedingly remarkable. Compared with its other deni- 
snSy he seems, if we regard omy his physical constitution, 
I almost every respect tibeir inferior, and equally improvi- 
dd for the supply of his natural wants and his defence 
gUDSt the innumerable enemies which surround him. No 
iher animal passes so large a portion of its existence in a 
ite of absolute helplessness, or falls, in old age^ into ^^\^VL 
RMracted and lamentable imbecility. To tmo oxiaet -wwx^v.- 
hoded animal has nature denied that \n^^ews»Jc^ft cc>N«t: 
& without which ±e vicissitudes of a teia^x^\ft'i^asA'^ 
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vigoi's of a cold climate, are equally insupportable ; Hid Un 
scarcely any has she been so sparing b esleraal weapom, 
wliether for aitack ot defence. Destitute aliks of ^peed u 
avoid, and of arms to repel, the aggressions of his voracious 
foes ; tenderly susceptible of atmospheric influences ; and. 
unfitted for the coarse aliments which the earth affiirdv] 
spontaneously during at least two thirds of the year, eveo] 
in temperate climates, — man, if abandoned to mere is*' 
stinct, would be of all creatures the most destitute and 
miserable. Distracted by terror, and goaded by famine; 
driven to the most abject expedients for concealment from 
his eoemies, and to the most cowardly devices for the 
aeiziure and destruction of his nobler prey, his esisienCS 
would be one continued subterfuge or stratagem ; 1u9 
dwelling would be in dens of the earth, in clefts of rocks, 
or in the hollows of trees ; his food worms, and the lower 
reptiles, or such few and crude productions of the soil 
his organs could be brought to assimilate, varied witb oo 
casional relics, mangled hy more powerful beasts of preyt 
or contemned by their more pampered choice. Remarlu- 
ble only for the absence oflhose powers and qualities nliich 
obtain for otlier animals a degree of security and respect, 
he would be disregarded by some, and bunled down 1^ 
others, till, after a few geueratious, his species would beoonu 
altogether extinct, or, at best, would be restricted to a few 
islands in tropical regions, where tlie wamitii of the dinwtet 
the paucity of enemies, and the abundance of vegeublB 
fixid, might permit it to linger. 

(2.) Yet man is the undisputed lord of the 

The strongest and fiercest of his fellow-ci'ealures,—^ 
whale, the elephant, the eagle, and the tiger, — are alu)^ 
lered by him to supply his most capricious wants, or 
to do him semce, or unprisoned to make him sport. 
spoils of all nature are in daily requialion for ' * 
common uses, yielded with more or less « 
•vrested with reluctance, from the mine, the 
ocean, and the air, Sue,\\ ate iVwi first IniitJ 

fthey the only ot the ^nno^ cmss.— ^« 
ition ol power over *iie maxeTroSa, ini 'iw.^w*' 
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animals, which surround us, and the consequent increase 
of our external comforts, and our means of preservation 
and sensual enjoyment, the sum of the privileges which 
the possession of this faculty conferred, we should, after all, 
have little to plume ourselves upon. But this is so far 
firom being the case, that every one who passes his life in 
tolerable ease and comfort, or, rather, whose whole time is 
not anxiously consumed in providing the absolute neces- 
saries of existence, is conscious of wants and cravings, in 
which the senses have no part, of a series of pains and 
pleasures totally distmct in kind from any which the inflic- 
tion of bodily misery, or the gratification of bodily appetites, 
has ever affi)rded him ; and if he has experienced these 
pleasures and these pains in any degree of intensity, he 
wiU readily admit them to hold a much higher rank, and 
to deserve much more attention, than the former class. 
Independent of the pleasures of fancy, and imagination, 
and social converse, man is constituted a speculative being ; 
he contemplates the world, and the objects around him, 
not with a passive, indifferent gaze, as a set of phenomena 
in which he has no flirther interest than as they affect his 
immediate situation, and can be rendered subservient to 
his comfort, but as a system disposed with order and de- 
sign. He approves and feels the highest admiration of the 
harmony of its parts, the skill and efficiency of its contri- 
vances. Some of these, which he can best trace and 
imderstand, he attempts to imitate, and finds that, to a 
certain extent, though rudely and imperfectly, he can suc- 
ceed, — in others, that, although he can comprehend the 
nature of the contrivance, he is totally destitute of all means 
of imitation ; while in others, again, and those evidently 
the most important, though he sees tlie effect produced, 
yet the means by which it is done are alike beyond his 
knowledge and his control. Thus he is led to the concep- 
tion of a Power and an Intelligence superior to his own, 
and adequate to the production and maintenance of all that 
be sees m nature, — a Power and IntelUi^eBce,\o >n\>m2clV^ 
may well apply the term infinite, since \ie \iO\ o\^ ^«^'s»\is 
actual limit to the instances in which xVve^ ^x^ xxiasiSaf^^ 

23* 
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but finds, on the coDtrary, that the farther he inquires, 
and the wider his sphere of observation extends, they 
c<xitinually open upon him in increasmg abundance, and 
that; as the study of one prepares him to understand and 
appre :!ate another, refinement follows on refinement, won- 
der on wonder, till his faculties become bewildered in ad- 
miration, and hb intellect falls back on itself in utter hope- 
lessness of arriving at an end. 

(3.) When, fix>m external objects, he turns his view upoD 
himself, on his own \ital and intellectual fiiculties, he finds 
that he possesses a power of examining and amdysinc; his 
own nature to a certain extent, but no farther. Ci bis 
corporeal fi'ame, he is sensible of a power to communicate 
a certain moderate amount of motion to himself and other 
objects ; that this power depends on his will, and that its 
exertion can be suspended or increased at pleasure within 
certain limits ; but how his will acts on his umbs, he has no 
consciousness ; and whence he derives the power he thus 
exercises, there is nothing to assure him, however he may 
long to know. His senses, too, inform him of a mukitude 
of particulars respecting the external world, and he per- 
ceives an apparatus by which impressions fix)m without may 
be transmitted, as a sort of signals, to the interior of his 
person, and ultimately to his brain, wherein he is obscurely 
sensible that the thinking, feeling, reasoning being he calls 
himself, more especially resides ; but by what means he 
becomes conscious of these impressions, and what is the 
nature of the immediate communication between that in- 
ward sentient beinz, and that machinery, his outward man, 
he has not the slightest conception. 

(4.) Again, when he contemplates still more attenth'elv 

the thoughts, acts and passions of this his sentient, intelb- 

gent self, he finds, indeed, that he can remember, and, by 

the aid of memory, can compare and discrinunate, can 

judge and resolve ; and, above all, that he is irresistibly ini- 

peUed, from the perception of any phenomenon without or 

within him^ to infer the exAsXence o\ ^owv^^vw^i^nor^ which 

stands to it in the relauon oi ^ caw*t,^^Mi\\. ^Xsi^'^ 

would not be ; and that this V^\ow^fcA^e ol c»»a^ vsA-^jiaL 
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consequences is what, in almost every instance, determines 
his choice and will, in cases where he is nevertheless con- 
scious of perfect freedom to act or not to act. He^ finds, 
too, that It is in his power to acquire more or less knowl- 
edge of causes and efl^cts, according to the degree of atten- 
ticm he bestows upon them, which attention is again, in great 
measure, a voluntary act ; and often, when his choice has 
been decided on imperfect knowledge or insufficient atten- 
tion, he 6nds reason to correct his judgment, though perhaps 
too late to influence his decision by after consideration. A 
world within him is thus opened to his intellectual view, 
abounding with phenomena and relations, and of the high- 
est immediate interest. But while he cannot help perceiv- 
ing that the insight he is enabled to obtain into this internal 
sphere of thought and feeling, is in reality the source of all 
his power, the very fountain of his predominance over ex- 
ternal nature, he yet feels himself capable of entering only 
very imperfectly into these recesses of his own bosom, and 
andysing tlie operations of his mind, — in this, as in all other 
things, in short, " a being darkly unse ;" seeing that all the 
longest life and most vigorous intellect can give him power 
to discover by his own research, or time to know by availing 
himself of that of others, serves only to place him on the 
very frontier of knowledge, and aflford a distant glimpse 
of boundless realms beyond, where no human thought has 
penetrated, but which yet, he is sure, must be no less famil- 
iarly known to that Intelligence which he traces throughout 
creation, than the most obvious truths which he himself daily 
applies to his most trifling purposes. Is it wonderful that 
a being so constituted should 6rst encourage a hope, and by 
degrees acknowledge an assurance, that Ms intellectual ex- 
istence will not terminate with the dissolution of his corpo- 
real firame, but rather that, in a future state of being, disen- 
cumbered of a thousand obstructions which his present situ- 
ation throws in his way, endowed with acuter senses, and 
higher faculties, he shall drink deep at that fountain of be- 
nificent wisdom for which the slight taste obtained ow ^-^a^ 
has given him so keen a retsh? ^ 

'(5.) Nothing, then, can be mote \M&o\MAe^'^^«ss^'^^ ^ 
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jectirm which has been taken in limine, by persons, \ 
meaning perhaps, certainly narrow-minded, against llie siudjl 
of naiiiral philosophy, and, indeed, against all science,— 
tliBt il- fosters in its cultivators an undue and overweenin] 
self-conceit, leads them to doubt the immortality of t 
soul, and to scoff at revealed religion. Its natural efic 
we may confidently assert, on every well-constituted n 
is and must be the direct contrary. No doubt, tlie tesu 
mony of natural reason, on whatever exercised, must ol 
necessity stop short of those irulhs which it is the object o 
revelation to make knon-n ; but, while ii places ihu exi " 
raice and principal attributes of a Deity on such groun 
BS to render doubt absurd and atheism ridiculous, it uiM^es 
tionnbly opposes no natural or necessary obstacle to funb 
pcogress: on the contrary, by cherishliig as a vital pnnc 

' pie an imbounded spini of inquiry, and ardency of expes 
tation, it unfetters die mind from prejudices of ev< 
kind, and leaves it open .md free lo every impresai 
of a higher nature, which it is susceptible of receirin 
guarding only against enthusiasm and self-deceptioa 1 
a habit of strict investigation, but encouraging, rather thi 
suppressing, every ihir^ that can ofter a prospect or 
hope beyond the present obscure and unsatisfactory s" " 
The character of the true philosopher is to hope all ill 
not impossible, and to believe all tilings not unreaaoiM 
He who has seen obscurities which appeared iinpeiH 
trable,' in physical and mathematical science, sudoeal 
dispelled, and the most barren and unpromising 6dlb C 
inquiry converted, as if by Inspiration, into rich and inei 
hauslible springs of knowledge and power, on a sit 
change of our point of view, or by merely bringing 10 b 
on them some principle which it never occurred before li 
try, will surely be the very last to acquiesce in any «" 
piriting prispecta of either the present or future dea"' 
of mankind ; while, on the oth^r hand, the b< 
viea/s of inlellectual and moral, as well as material n 
which open on liim uti a\\ \\an1\5, \n \.l\e course of i 

pursuits, the knowledge ot rtie mvwi ^ceW « 
of creation, and l.\\e seos«, wi- ' 
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upon Mm, of his own weakness and incapacity to suspend 
or modify the slightest movement of the vast machinery he 
sees in action around him, must e^ctually convince 
him that humility of pretension, no less than confidence 
of hope, is what best becomes his character. 

r6. ) But while we thus vindicate the study of natural 
philosophy from a charge at one time formidable from the 
pertinacity and acrimony with which it was urged, and still 
occasionally brought forward to the distress and disgust of 
every well constituted mmd, we must take care that the 
testimony a^rded by science to religion, be its extent or 
vahie what it may, shall be at least independent, unbiassed, 
and spcmtaneous. We do not here allude to such reason- 
ers as would make all nature bend to their narrow inter- 
pretations of obscure and difficult passages in the sacred 
writings : such a course might well become the persecutors 
of Gsdileo and the other bigots of the fifteenth and six- 
teenth centuries, but can only be adopted by dreamers in 
the present age. But, without going these lengths, it is no 
uncommon thing to find persons earnestly attached to 
science, and anxious for its promotion, who yet manifest a 
morbid sensibility on points of this kind, — ^who exult and 
applaud when any fact starts up explanatory (as they sup- 
pose) of some scriptural aUusion, and who feel pained and 
disappointed when the general course of discovery in any 
department of science runs wide of the notions with which 
particukrpassages in the Bible may have impressed them- 
selves. To persons of such a frame of mind it ought to 
suffice to remark, on the one hand, that truth can never be 
opposed to truth, and, on the other, that error is only to 
be efiectually confounded by searching deep and tracing it 
to its source. Nevertheless, it were much to be wished mat 
such persons, estimable and excellent as they for the most 
part are, before they throw the weight of their applause or 
discredit into the scale of scientific opinion on such grounds, 
would reflect, first, that the credit and respectability of 
any evidence may be destroyed by tamiperiiv^ wltk \t& (vfir»r- 
^s/^/ and, secondly, that tViis veiy dL^^Qi»Xva^ <2il\M<sA^>5ssr 
plies a lurking mistrust in its o>ntv ^wmsv:^^'* 's«aRft ^ 
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grand, and, indeed, only character of truth, is its capabilltj- 
of enduring the test of universal experience, and coming 
unchanged out of every possible form of fair discussion. 

(7.) But if science may be vilified by representing it as 
opposed to reli^on, or trammelled by mistaken notions of 
the danger of free inquiry, there is yet another mode by 
which it may be degraded from its native dignity ; and that 
is, by placing it in the light of a mere appendage to, and 
caterer for, our pampered appetites. The question "«i 
hono^'* to what practical end and advantage do your re- 
searches tend ? is one which the speculative philosopher, 
who loves knowledge for its own sake, and enjoys, as a 
rational being should enjoy, the mere contemplation of 
harmonious and mutually dependent truths, can seldom 
hear without a sense of humiliatbn. He feels that there 
is a lofty and disinterested pleasure in his speculations, 
which ought to exempt them m>m such questioning. Com- 
municating, as they do, to his own mind the purest happiness 
(after the exercise of the benevolent and moral feelins;>) 
of which human nature is susceptible, and tending to th.p 
injury of no one, he might surely allege this as a sufficieni 
and direct reply to those who, having themselves little 
capacity, and less relish, for intellectual pursuits, are 
constantly repeating upon him this inquiry. But if he can 
bring himself^ to descend from this high but fair ground, 
and justify himself, his pursuits, and his pleasures, in the 
eyes of those around him, he has only to point to tlie his- 
tory of all science, where speculations apparently the most 
unprofitable have almost invariably been those from which 
the greatest practical applications have emanated. What, 
for instance, could be apparently more unprofitable than 
the dry speculations of the ancient geometers on the 
properties of the conic sections, or than the dreams of 
Kepler (as they would naturally appear to his contempora- 
ries) about the numerical harmonies of the universe ? Yet 
these are the steps by which we have risen to a knowledge 
o/* the elliptic motions of the \iUuets, and the law of gravi- 
tation, with all its sp\end\d l\ieox^iVvc"?\ cwfifc^^ewysA^-w^i 
'ts inestimable practical resuXxs. 'YVvfe xv^vsvaNa ^x\3&s^08^>s^ 
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' Sv3vng"Bwangs^^'* in Hooke's* time, did not prevent him 
rem reviving the proposal of the pendulum as a standard 
)f measure, since so admirably wrought into practice by 
he genius and perseverance of captain Kater ; — ^nor did 
hat which Boyle encountered, in his researches on the 
elasticity and pressure of the air, act as any obstacle to 
he train of discovery which terminated in the steam-engine, 
rhe dreams of the alchemists led them on in the path of 
experiment, and drew attention to the wonders of chemis- 
try, while they brought their advocates (it must be admit- 
ted) to merited contempt and ruin. But in this case, it 
was moral dereliction which gave to ridicule a weight and 
power not necessarily or naturally belonging to it: but 
among the alchemists were men of superior minds, who 
reasoned while they worked, and who, not content to 
grope always in the dark, and blunder on their object, 
sought carefully, in the observed nature of their agents, for 
guides in their pursuits ; — ^to these we owe the creation 
of experimental philosophy. 

(8.) Not that it is meant, by any thing above said, to 
assert, that there is no such thing as a great or a little in 
speculative philosophy, or to place the solution of an enigma 
on a level with the developement of a law of nature ; still less 
to adopt the homely definition of Smith,f that a philosopher 
is a person whose trade it is to do nothing, and speculate on 
every thing. The speculations of the natural philosopher, 
however remote they may, for a time, lead him firom beaten 
tracks and every-day uses, being grounded in the realities 
of nature, have aU, of necessity, a practical application : 
nay, more, such applications form the very criterions of 
their truth ; they afford the readiest and completest verifi- 
cations of his theories, — verifications which he will no 
more neglect to test them by, than an arithmetician would 
omit to prove his sums, or a cautious geometer to try his 
general theorems, by particular cases, f 

* Hooke's Posthumous Works. Lond. 1705— p. 472, and ^, 4S&. 
t Wealth of Nations, book i. chap. I. p. \^. ^ 

/ On this subject, we cannot forhear c\l\tv^^V^«^!?»^^wcci^?^^^ 
most profound, but, at the same Ume, pap\j\ax N«iYvXft.t* ^^.^>ax\ss»»% 
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(9.) After all, however, it must be confessed, that, 
minds unacquainted with science, and unused to conaid 
the mutual dependencies of its various brandies, there 
soniethiiig neither unnatural nor altogether blainable 
the ready occurrence of this question of direct advantag 
It requires some habit of abstraction, some peneltatioil i 
ihe mind with a tincture of scientiiic inquiry, some convi "' 
of the value of those eslimable and treasured principles, v 
lie concealed in the most common and homely Gtcts,- 
some experience, in fine, of success in develonbg a 
placing them in evidence, announcing them in precise ten 
lying ihem to the explanation of other facts of 
Uiar character, or to the acconiplishmeDt ofsoni 
obviously useful purpose, — to cure the mind of this lendej 
cy to rush at once urxin its object, to undervalue ifie (OMB 
in over-estimation of the end, and, while gazing too iniaif^ 
at the goal which alone it has been accustomed to desii. 
to lose sight of Ihe richness and variety of the piOEpect 
that offer tliemselves on either hand on the rood. 

(10.) We must never forget that it is principles, n 
plienoraena, — ^laws, not insulated, independent facts,— jwA 
are llie objects of inquir}' to tlie natural philosopher. ^ 
truth is single, and consistent with itself, a prbciple maylx 
as completely and as plainly elucidated by the most familia' 
and simple fact, as by the most imposing and iincoinmoB 
phenomenon. Tlid colors which ditier on a soap-bubUC' 
are tlie immediate consequence of a principle the mo* 
important from the variety of phenomena it explains, mil 
the most beautiful, from its simplicity and compendioii 
aubjecl unconnected, it is true, with our own, but liearlfig Htron|l]r 
tbe point before ue. " But, if scleaec be muiireatly jncODipleM, ( 
yet or the highest importnncB, it would nirely he most unKTM IB I 
ntnin iiu{uiry, conducted snjust principle!, even where tht IllllliliBl 
practical uliUly of it wm not Tisiblo, In mathcmtttics, chemlatry,* 
even brand] ofnaliinil philosophy, ban mnnyaro IhclnqnIrlMDMaM 
for (heir improvement and cnmplelion. which, taken scpartlply, ttt 

appeer to '—■' ' i.i--ii.._> — . ._-. •• 

uaeliil (nVL _._ _ 

ivouU hive h eon lost, K !i paftonft\ ^. _ „ 

'omisrion, had not generaWy tioen a!t\o'He& vq\» * volbiSisAl 
<J»e search after truth 1" — Nlnlttivrfa ¥™c\¥\e« tA tuf ■»"" 
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neatness, in the whole science of optics. If the nature of 
)eriodical colors can be made intelligible by the contem- 
ilation of such a trivial object, from that moment it be- 
ximes a noble instrument in the eye of correct judgment ; 
ind to blow a large, regular, and durable soap-bubble, may 
lecome the serious and praiseworthy endeavor of a sage, 
¥hile children stand round and scoff, or children of a 
arger growth hold up, their hands in astonishment at such 
W'aste of time and trouble. To the natural philosopher 
here is no natural object unimportant or trifling. From 
Jie least of nature's works he may learn the greatest les- 
XMis. The fall of an apple to the ground may raise his 
:houghts to the laws which govern the revolutions of the 
planets in then* orbits ; or the situation of a pebble may 
ifSnrd him evidence of the state of the globe he inhabits, 
ii3rriads of ages ago, before his species became its denizens. 
^11.) And this is, in fact, one of the great sources of 
lehght which the study of natural science im.parts to its vo- 
^es. A mind which has once imbibed a taste for scien- 
i6c inquiry, and has learnt the habit of applying its prin- 
ciples readily to the cases which occur, has vnthin itself an 
inexhaustible source of pure and exciting contemplations : 
—one would think that Shakspeare had such a mind in 
new, when he describes a contemplative man as finding 

"Tongues in trees — ^books in the running brooks — 
Sermons in stones — and good in every Uiing." 

Accustomed to trace the operation of general causes, 
and the exemplification of general laws, in circumstances 
where the uninformed and uninquiring eye perceives nei- 
ther novelty nor beauty, he walks in tiie midst of wonders : 
every object which falls in his way elucidates some princi- 
ple, aflJ)rds some instruction, and impresses him tvith a 
sense of harmony and order. Nor is it a mere passive 
pleasure, which is thus communicated. A thousand ques- 
tions are continually arising in his mind, a thousand subjects 
of inquiry presenting themselves, wliich kee^ bs& ^?^^vl2»&^ 
in constant exercise, and -his thou^Xs ^e^^^^MS^^ '^^^ 
wing, so that lassitude is excluded feom\»& XsSa^'^ssft. xss 

24 
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craving alter artificial excitement and dissipation 01' miod. 
which leads so many into firivolous, unworthy, and destiuc- 
tlve pursuits, is altogether eradicated from his bosom. 

(12.) It is not one of the least advantages of ihey 
pursuits, which, however, they possess in commou *>viL. 
every class of intellectual pleasures, that they are altozeiiic; 
independent of external circumstances, and are to be en- 
joyed in ever}' situation in which a man can be placeo J 
life. The highest degrees of worldly prosperity are w 
far from being incompatible with them, that they suppi} 
additional advantages for their pursuit, and that sort of Ireah 
and renewed relish which arises parUy from the sense 01 
contrast, partly from experience of the peculiar pre-em- 
inence thev possess over the pleasures of sense, in their ca- 
pability of unlimited increase, and continual repetiuoc. 
without satiety or distaste. They may be enjoyed, too. ! 
in the inter\'als of the most active business ; ancf the caliJ | 
and dispassionate interest with which they fill the mind 
renders them a most delightful retreat from die aaitaiions 
and dissensions of the world, and from the conflict of pas- 
sions, prejudices, and interests, in which die naan of businei? 
finds himself continuallv involved. There is some thins iii 
the coiilemplation of general laws which powerfully per- 
suades us to merge individual feeling, and to commit our- 
selves unreservedly to their disposal : while the obsenaiion 
of the ralin, energetic regularity of nature, tlie immense 
scale of her operations, and the certainty with which her 
cuds are attained, tends, irresistibly, to tranquillize and re- 
assure the mind, and render it less accessible lo repiiiins. 
seHlsh, and turbulent emotions. And diis it does not by de- 
basing our nature into weak rom))liances and abject subniia^ 
sion to circumstances, but by filling us, as from an inward 
spring, with a sense of nobleness and power, which enables 
us to rise superior to I hem, by showing us our strength, and 
innate dignity, and by calling ujwn us for tlie exercise of 
those jKjwers and faculties by which we are susceptible of 
the co/nj)rchension of so much greatness, and which fomi. 
a? it wc.vo, a link heVwccu ov\t«.e\vc^ \!l\A ^^^i Vs«ix and 
nobleat benefactors of ov\r s^p«c\cs, vjV\\ wVonv >k^\«\^ ^»,\v 
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miinion in thoughts, and participate in discoveries, which 
have raised them above their fellow-mortals, and brought 
them nearer to their Creator. 



CHAP. n. 

OF ABSTRACT SCIENCE AS A PREPARATION POR THE 

STUDY OF PHYSICS. A PROFOUND ACQUAINTANCE 

WITH IT NOT INDISPENSABLE FOR A CLEAR UNDER- 
STANDING OF PHYSICAL LAWS. HOW A CONVICTION 

OF THEIR TRUTH MAY BE OBTAINED WITHOUT IT. 

INSTANCES. FURTHER DIVISION OF THE SUBJECT. 

(13.^ Science is the knowledge of many, orderly and 
methoaically digested and arranged, so as to become 
attainable by one. The knowledge of reasons and their 
ccmclusions constitutes abstract^ that of causes and their ef- 
fects, and of the laws of nature, natural science. 

(14.) Abstract science is independent of a system of 
nature, — of a creation,— of every thing, in short, except 
memory, thought, and reason. Its objects are, first, those 
primaiy existences and relations which we cannot even 
conceive not to 6e, such as space, time,* number, order, 
&EC. ; and, secondly, those artificial forms, or symbols, which 
thought has the power of creating for itself at pleasure, and 
substituting as representatives, by the aid of memory, for 
combinations of those primary objects and of its own con- 
ceptions, — either to facilitate the act of reasoning respect- 
ing them, or as convenient deposits of its own conclusions, 
Mr for their communication to others. Such are, first, Ian- 
pMge, oral or written ; its conventional forms, which con- 
stitute grammar, and tlie rules for its use in argument, in 
^hich consists the logic of the schools ; secondly, notation^ 
vhjch, applied to ?iumber, is arit/imetic, — Mi^^Xa^^'cwcjw. 
enei-aJ relations of abstract quantity ot ot^^T^'vs* A^cbT^y 
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and, thirdly,' that higher kind of logic, which teaches as 
to use our reason in the most advantageous manner for the 
discovery of truth; which points out the criterions by 
which we may he sure we have attained it ; and which, l^ 
detecting the sources of error, and exposing the haunts 
where fallacies are apt to lurk, at once warns us of their 
danger, and shows us how to avoid them. This ereater 
logic may be termed rational;* while, to that infenor de- 
partment which is conversant with words alone, the epithet 
verhalf may, for distinction, be applied. 

(15.) A certain moderate degree of acquuntance with 
abstract science is highly desirable to one who would make 
any considerable progress in physics. As the universe 
exists in time and place ; and as motion, velocity, quantity, 
number, and order, are main elements of our knowledge 
of external things and their changes, an acquaintance with 
these, abstractedly considered, fthat is to say, independent 
of any consideration of the particular things moved, meas- 
ured, counted, or arranged,) must evidently be a usefiil 
preparation for the more complex study of nature. Bui 
there is yet another recommendation of such sciences as a 
preparation for the study of natural philosophy. Theu" ob- 
jects are so definite, and our notions of them so distinct, 
that we can reason about them with an assurance, that the 
words and signs used in our reasonings are full and tnie 
representatives of the things signified ; and, consequently, 
that when we use language or signs in argument, we nei- 
ther, by their use, introduce extianeous notions, nor ex- 
clude any part of the case before us from consideration. 
For example : the words space, square, circle, a hundred, 
&c., convey to the mind notions so complete in themselves, 
and so distinct from every thing else, that we are sure, when 
we use them, we know and have in view the whole of our 
own meaning. It is widely different with words ex- 
pressing natural objects and mixed relations. Take, for 
instance, iron. Different persons attach very different idea? 
to this word. One wV\o r\^s ivevex heard of magnetism ha^ 

* Aoyogy ratio, reason. N K.^^o^^^erW-m^^.^w^. 
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a Widely different notion of iron, from one in the contrary 
predicament. The vulgar, who regard this metal as in- 
combustible, and the chemist, who sees it bum with the 
utmost fiuy, and who has other reasons for regarding it as 
one of the most combustible bodies in nature ; — the poet, 
who uses it as an emblem of rigidity ; and the smith and 
en^eer, in whose hands it is plastic, and moulded like 
wax into every form ; — ^the jailer, who prizes it as an ob- 
struction, and the electrician, who sees m it only a channel 
of open communication by which that most impassable of 
obstacles, the air, may be traversed by his imprisoned flu- 
id, have all different and all imperfect nodons of the same 
word. The meaning of such a term is like a rainbow — 
every body sees a different one, and all mamtain it to be 
the same. So it is with nearly all our terms of sense. 
Some are indefinite, as hard or soft, light or heavy (terms 
which were at one time the sources of innumerable mis- 
takes and controversies ;) some excessively complex, as 
man, life, instinct. But, what is worst of all, some, nay 
most, have two or three meanings, sufficiently distinct from 
each other to make a proposition true in one sense and 
false in another, or even false altogether, yet not distinct 
enough to keep us from confounding them in the process by 
which we arrived at it, or to enable us immediately to re- 
cc^ise the fallacy when led to it by a train of reasoning, each 
step of which we think we have examined and approved. 
Surely those who thus attach two senses to one word, or 
superadd a new meaning to an old one, act as absurdly as 
colonists who distribute tliemselves over the world, naming 
every place they come to by the names of those they have 
left, till all distinctions of geographical nomenclature are 
confounded, and till we are unable to decide whether an 
occurrence stated to have happened at Windsor took place 
in Europe, America, or Australia.* 

* It were much to be wished that navigators would be more cautious 
in lajrine tiiemselves open to a similar censure. On looking hastily over 
a map of the world, we see three Me\Vv\\e\AwA%^\?w^'^SoiSk%^^^vs|^' 
SouBide, stDd Cape filancos innumerable. 

24 * 



(16.) Il is, in fact, in this double or incomplete sense ( 
fnrds mat we inust iooli for the ongin of a very Urge pc 
lini of tbe errors into which we fall. Now, the study « 
lie abstract sciences, such as arithmetic, geometry, algebi 
Sw-i while they aSord scope for the exercise of reasoni 
ibout objects that are, or, at least, may be conceived to t 
sqclemal to us, yet, being free frotn these sources of ert 
and mistake, accuslom us to the strict use of language 
m instrument of reason, and by familiarizing us, b o 
progress towards truth, to waik uprightly and straigbt-foraa 
on firm ground, give us that proper and dignified caitiaj 
wMch could never be acquiied by having always to jhi 
our steps among obstructions and loose fragments, or 
sttady them in tne reeling tempest of confiicling meanini 
(17.) Bm Uiere is yet another point of view und 
which some acquaintance with abstract science m^ be r 
garded as highly desirable in general education, If not ii 
' d^pensably necessary, to impress on us the distinction b 
tween strict and vague reasoning, to show us what detna 
■tiatioa really ii, and to give us thereby a full and intiiufl 
saose of the nature and strength of tJie evidence on whic 
our knowledge of the actual system of nature, andtbeliv 
rf natural phenomena, rests. For this purpose, bomvfl 
a very moderate acquaintance with the more eleincfl 
bnnches of mathematics may suffice. The chain U 
before us, and every link is submitted lo our unreservedn 
aminalion, if we have patience and inclination to enter E 
such detail. Hundreds have gone tlirousb it, and.ifi 
continue to do so ; but, for the generality ofmajikind, h 
enough lo satisfy themselves of the solidity and adamtnti 
texture of its materials, and tbe unreserved exposure of 
weakest, as well as its strongest parts. If, however, i 
content ourselves wiUi Uiis general view of the tnalier, 
must be content also to take on tnisl, that is, on the a 
ity of tiiose who have examined deeper, every eoiM. 
which cannot be made apparent to our senses. N( 
among these there are matiy aa very surprising, iikdwd I 
paremiy so extravae^nl, V\w.\, \v ts nfVAe <aa^«^^;te fat ■ 
'"'/ii/rmg mind to rest conVenVeA vj\^ * ttiRse, \«m 
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Statement of them, — ^we feel irresistibly impelled to inquire 
further into their truth. What mere assertion will make 
any man believe, that in one second of time, in one beat 
of the pendulum of a clock, a ray of light travels ovei* 
192,000 miles, and would therefore perform the tour of 
the world in about the same time that it requires to wink 
with our eyelids, and in much less than a swift runner oc- 
cupies in taking a single stride ? What mortal can be made 
to believe, without demonstration, that the sun is almost a 
million times larger than the eardi ? and that, although so 
remote fixun us, that a cannon ball shot direcdy towards it, 
and maintaining its full speed, would be twenty years in 
reaching it, it yet affects the eartli by its attraction in an 
inappreciable mstant of time? — a closeness of union of 
which we can foim but a feeble, and totally inadequate, 
idea, by comparing it to any mateiial connection; since 
the communication of an impulse to such a distance, by 
any solid intermedium we are acquabted with, would re- 
quire, not moments, but whole years. And when, with 
pain and difficulty, we have strained our imagination to con- 
ceive a distance so vast, a force so intense and penetrating, 
if we are told that the one dwindles to an insensible point, 
and the other is unfelt at the nearest of the fixed stars, firom 
the mere efiect of then- remoteness, while among those very 
stars are some whose actual splendor exceeds by many 
hundred times that of the sun itself, aldiough we may not 
deny the truth of the assertion, we cannot but feel the 
keenest curiosity to know how such things were ever made 
out. 

(18.) The foregoing are among those results of scien- 
tific research which, by dieir magnitude, seem to transcend 
our powers of conception. There are others, again, which, 
fi-om their minuteness, would appear to elude the grasp of 
thought, much more of distinct and accurate measurement. 
Who would not ask for demonstration, when told that a 
gnat's wing, in its ordinary flight, beats many hundred times 
m a second ? or that there exist animated and regularly or- 
ganized hemg;s, many thousands oi vj\iDSfc\»^>ft's»^>aA^^'^ 
tcgetber, would not extend an \nc\v"> ^\}Xv^\xa^. «sa "^^fi® 



384 



OraOOUHSK OW VKK' STPBT 



to the astonishing truths which modera optical inquiria 
have disclosed, which teach us that every [mint of a m*- 
dium througli which a ray of light passes is afiected with I 
succession of periodical movements, regularly recurriiig H 
equal intervals, no less than live hundred miUions of mil" 
lions of times in a single second ! that it b by such mOTO- 
ments, communicated to the nerves of our eyes, that ws 
see — nay more, ihal il is the difference in tlie frequeacy d 
their recurrence which adects us with the sense of the d(> 
versity of color ; that, for instance, in acquiring the senar 
lion of redness, our eyes are afl^ted four himdred Bn4' 
eighty-two milhons of millions of times ; of yellownesS) fivi' 
hondred and forty-two naillions of millions of times; an! 
of violet, seven limidred and seven millions of millicHis at 
times per second.* Do not such things sound more bkfr 
the ravings of madmen, than the sober conclusions of p 
pie in their waking senses f 

(19.) Tliey are, nevertheless, conclusions lo whidi Wtf 
one may most certainly arrive, who will only be ftt tbB 
trouble of examining the chain of reasoning by which thq; 
have been obtained ; but, in order to do tlm, someilutri 
beyond the mere elements of abstract science is reqimWi 
Waving, however, such instances as tliese, which, sHer tB| 
are rather calciilated to surprise and astound than for inj 
other purpose, it must be observed that it is not possfale W 
satisfy ourselves completely that we have arrived ai a IT 
statement of any law of nature, until, setting out fromw 
statement, and making it a foundation of reasoning, W8 COJ 
show, by strict argument, that the facts observed must &r, 
low from it as necessary logical consequences, and tlaa,ttlL 
vaguely and generally, but witli all possible precisimi tt 
lime, place, weight, and measure. ' 

(20.J To do this, however, as we shall presently see, ro- 
quires m many cases a degree of knowledge of maihenut 
ics and geometry altogether unattainable by the genenlis 
of mankind, who have not the leisure, even if they all lal| 
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the capacity, to enter into such inquiries, some oi which 
are indeed of that degree of difficulty that they can be only 
successfully prosecuted by persons who devote to them 
their whole attention, and make diem the serious busmess 
of their lives. But there is scarcely any person of good 
ordinary understanding, however little exercised in abstract 
inquiries, who may not be readily made to comprehend at 
least the general train of reasoning by which any of the 
great truths of physics are deduced, and the essential bear- 
ings and connections of the several parts of natural philoso- 
phy. There are whole branches too, and very extensive 
and important ones, to which mathematical reasoning has 
never been at all applied ; such as chemistry, geology, and 
natural history in general, and many others, in which it 
plays a very subordinate part, and of which the essential 
principles, and the grounds of application to useful pur- 
poses, may be perfectly well understood by a student who 
possesses no more matliematical knowledge than the rules 
of arithmetic ; so that no one need be deterred from the 
acquisition of knowledge, or even from active original re- 
search in such subjects, by a want of mathematical informa- 
tion. Even in those branches which, like astronomy, op- 
tics, and dynamics, are almost exclusively under the domin- 
ion of mathematics, and in which no effectual progress can 
be made w^ithout some acquaintance with geometry, the prin- 
cipal results may be perfectly understood without it. To 
one incapable of following out the intricacies of mathemat- 
ical demonstration, the conviction afforded by verified pre- 
dictions must stand in the place of that purer and more sat- 
isfactory reliance which a verification of every step in tlie 
process of reasoning can alone afford, since every one will 
acknow^ledge the validity of pretensions which he is in the 
daily habit of seeing brought to the test of practice. 

(21.) Among the verifications of this practical kind 
which abound in every department of physics, there are 
none more imposing than the precise prediction of the 
greater phenomena of astronomy, ivone, c.exVaixs\^^^^^>s^ 
canj a broader conviction home to evex^ mvcv^ Sx^\^ "^^^ 
Mjotorlety and unequivocal characVer. T\ve ^xe.oNs^Xx^'^ 
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eclipses has, accordingly, from liie earlieBl ^es, excited Ht 
admiration of mankind, and been one grand instrument b 
which their allegiance (so to speak) to natural scieiic*, aa 
iheir respect for its professors, has been iiiatntained ; an 
ihough strangely abused in iinenl^hteaed ages by lli« sv 
pematural prelensioos of astrologers, the credence giv« 
even to their absui-dities, shows tlie force of this kind of ei 
idence on men's minds. The predlcticais of a 
are, however, now far too' familiar to endanger ihe j 
equipoise of our judgment, since even the n 
true to theii- paths and exact to the hour of tiieir appoiol 
ment, has ceased to amaze, ihough it ii 
who have souls capable of bemg penetrated by such beEUitiA 
instances of accordance between tiieory and facts. ~ " .,^ 
age of mere wonder in such things is past, and men preiii 
being guided and enlightened to beingaslooisliedand d 
Eclipses, comets, and the like, afford but rare and ti 
displays of the powers of calculation, and of the cec ^^ 
of the principles on which it is giounded. A page ttf *' Itt 
nar distances" from the Nautical Almanack is worth afi ths 
eclipses that have ever happened Ibr inspiringtbis necesseiy , 
confidence in the conclusions of science. Tliatamani^ . 
merely measurii^ die moon's apparent distance from 8 Mr 
with a little portable instrument held in his hand, atid spidiei] 
to his eye, even witii so unstable a footing as ihe dec* ofa 
ship, shall say positively, within five miles, whei-e be is, OD 
a boundless ocean, cannot but appear to persons ipn 
of piiysicai asU-onomy an approach to the miraculons. 
the alternatives of life and death, wealdi and ruin, are 
and hourly slaked with perfect confidence on these 
loLis computations, uhich might almost seem to have 
devised on purpose to show how ctosely the extreme* 
speculative refinement and practical utility can be 
lo approximate. We have before us an anecdote com 
nicated to us by a naval officer,* distinguished for the 
leni and variety of his attainments, which shows bow 
pi-essii& fiucb results may \)ecQtt\« \n ^ncUfi«%- 
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from San Bias on the west coast of Mexico, and after a 
voyage of 8000 miles, occupying 89 days, arrived off Rio 
de Janeira, having, in this interval, passed through the Pa- 
cific Ocean, rounded Cape Horn, and crossed the South 
Atlantic, without making any land, or even seeing a single 
sail, with the exception of an American whaler off Cape 
Horn. Arrived within a week's sail of Rio, he set serious- 
ly about determining, by lunar observations, the precise 
Ime of the ship's course and its situation in it at a determi- 
nate moment, and having ascertained this within from five 
to ten miles^ ran the rest of the way by those more ready 
and compendious methods, known to navigatCHrs, which can 
be safely employed for short trips between one luiown point 
and another, but which cannot be trusted in long voyages, 
where tlie moon is the only sure guide. The rest of the 
tale we are enabled by his kindness to state in his own 
words : — " We steered towards Rio de Janeiro for some 
days after taking the lunars above described, and, having 
arrived within fUteen or twenty miles of the coast, I hove 
to at four in the morning till the day should break, and then 
bore up ; for although it was very hazy, we could see be- 
fore us a couple of miles or so. About eight o'clock, it be- 
came so foggy that I did not like to stand in farther, and 
was just bringing the ship to the wind again before sending 
the people to breakfast, when it suddenly cleared off, and 
I had the satisfactk)n of seeing the great Sugar Loaf Rock, 
which stands on one side of die harbor's moutli, so nearly 
right aliead that we had not to alter our course above a 
point in order to hit the entrance of Rio. This was the 
first land we had seen for three months, after crossing so 
many seas, and being set backwards and forwards by in- 
numerable currents and foul winds." The efifect on all on 
board might well be conceived to have been electric ; and 
it is needless to remark how essentially the authority of a 
commanding ofiicer over his crew may be strengtliened by 
the occurrence of such incidents, indicative of a degree of 
knowledge and consequent powe;* beyond their reach. 

(22.) But even such results as i\\e-?»e,?xf^YW^^^'^^'^ '^'^ 
jret faE short of the force witli wYivcVv eotvN^cXtfsvv \^ ^a.^ 



Upon US, when, through llie medium of reasonii^ Wo abs 
for common apprehension, we arrive at concluMons wbic] 
outrun experience, aiid describe beforehand what will h^ 
pen under new combinations, or even correct imperfect e« 
perimenis, and lead us to a knowledge of facts contrary R 
received analogies drawn Irom an esperience wrongly ia 
terpreted or over-hastily generalized. To give an exanq))^ 
— every body knows tliai objects viewed tlirough a traospi 
, rent medium, such as water or glass, appear distorted ( 
I displaced. Thus a slick in water appears bent, and an objei 
seen through a prism or wedge of glass seems to be throw 
aside from ils irue place. This effect is owing to what is call 
ed the refraction of liglil ; and a simple rule discovered b 
Willebrod Snell enables any one to say exactly tiom mueA (h 
stick Avillbe beni, and how far, and in whatdtreclion, the^ 
parent situation of an object seen tlirough the glass will Hara 
ate from the real one. If a shilling be laid at Uie bottom of i 
basin of water, and viewed obliquely, it will appear to be nim 
by the water; if, instead of water, spirits of wine be used,! 
will appear more raised ; if oils, sdU more : — but in noos ol' 
these cases will it appear to be thrown aside to the r^ht a 
lefi of its true place, however the eye be situated. TheptcnU 
in which are contained the eye, the object, and the point in tb 
surface oftlie liquid at which the object Isseen, isanupri^d 
vertical plane ; and this is one of the principal characters in tlf 
ordinary refraction of light, viz. that the ray by which W6 ee 
an object through a relractbg suj-face, although it undergoe&i 
bending, and is, as it were, broken at the surface, yet, i 
pursuing its course lo tlie eye, does not <}uit a plane J 
ptndicmnr to the refracting surface. But there are m 
other substances, such as i-ock-crj-sial, and especially h 
land spar, which possess the singular property of dottbbi^ 
the image or appearance of an object seen tlirougli them n 
certain directions ; so that, mstead of seeing one object, wt^J 
see two, side by side, when such a crystal or spar is intw^ 
posed between the object and die eye ; and if a ray, d 
small sunbeam, be thrown u^nasurfece of eiilter oftt " 
substances, it will be split \Mo vwo,m*C\ft'iL)*a «m^ • 
*ach other, and each pursv\\n^ as oww «*\iMWa mjm«J 
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this 18 caUed doubk refraction. Now of these images or 
doubly refiracted rays, one always follows the same rule as 
if the substance were glass or water : its deviation can be 
correctly calculated by Snell's law above mentioned, and 
it does not quit the plane perpendicular to the refracting 
surface. The other ray, on the contrary, (which is there- 
fore said to have undergone extraordinary refraction,) does 
Sit that plane, and the amount of its deviation from its 
•mer course requires for its determination a much more 
complicated rule, which cannot be understood, or even 
stated,. without a pretty intimate knowledge of geometry. 
Now, rock-crystal and Iceland spor difier from glass in a 
very remarkable circumstance. They affect naturally cer- 
tain regular figures, not being found in shapeless lumps, but 
in determinate geometrical forms ; and they are susceptible 
of being cleft or split much easier in certain directions than 
in others — they have vl grain which glass has not. When 
other substances having this peculiarity fand which are 
called crystallized substances) were exammed, they were 
all, or by far the greater part, found to possess this singular 
property of double refraction ; and it was very natural to 
conclude, therefore, that the same thing took place in all of 
them, viz. that of the two rays into which any beam of light 
falling on the surface of such a substance was split, or of 
the two images of an object seen through it, one only was turn- 
ed aside out of itsplane, and extraordinarily refi-acted, while 
the other followed the ordinary rule. Accordingly this was 
supposed to be the case ; and not only so, but, from some trial 
and measurements purposely made by a philosopher of great 
eminence, it was considered to be a fact suificiendy estab- 
lished by experiment. 

(23.) Perhaps we might have remained long under this 
impression, for the* measurements are delicate, and the sub- 
ject very difficult. But it has lately been demonsti-ated by 
an eminent French philosopher and mathematician, M. 
Fresnel, that, granting certain principles or postulates, all 
the phenomena of double refraction, mcluding, perhaps^ the 
greatest variety of facts that have evei ^^\. \^^\v. ^ssx^^nji^^ 
under <me general head, may be saUsl^cXcySfi^ ^^:<$«ss!R 

25 



290 DISCOURSE ON THE STUDY 

and deduced from them by strict mathematical calculation ; 
and that, when applied to the cases first mentioned, these 
principles give a satisfactory account of the want of the 
extraordinary image ; that when applied to such cases as 
those of rock-crystal or Iceland spar, they also give a correct 
account of both the images, and agree in their conclusions 
with the rules before ascertained for them : but so far from 
coinciding with that part of the previous statement, which 
would make these conclusions extend to all crystallized sub- 
stances, M. Fresnel's principles lead to a conclusion quite 
opposite, and point to a fact which had never been ob- 
served, viz. that in by far the greater number of crystallized 
substances which possess the property of double refraction, 
neither of the images follows the ordinary law, but both 
undergo a deviation from their original plane. Now this had 
never been observed to be the case in any previous trial, and 
all opinion was against it. But when put to the test 
of experiment in a great variety of new and inge- 
nious methods, it was found to be fully verified : and 
to complete the evidence, the substances on whose imper- 
fect examination the first erroneous conclusion was found- 
ed, having been lately subjected to a fresh and more 
scrupulous examination, the result has shown the insufficien- 
cy of the former measurements, and proved in perfect ac- 
cordance with the newly discovered laws. Now it will be 
observed in this case, first, that, so far from the principles 
assumed by M. Fresnel being at all obvious, they are ex- 
tremely remote from ordinary obsei-valion ; and, secondly, 
that the chain of reasoning by which they are brought to the 
test, is one of such length and complexity, and the purely 
mathematical difficulty of their application so great, that no 
mere good common sense, no general tact or ordinary prac- 
tical reasoning, would afford the slightest chance of thread- 
ing their mazes. Cases like this are the triumph of theo- 
ries. They show at once how large a part pure reason 
has to perform in our examination of nature, and how im- 
plicit our reliance ought to be on that powerful and me 
thodical system of ru\es and ^Toefe?>?>es ^Wlvv ^.^ustitute the 
modern mathematical auaVysvs, m ^ ^^ tossi^ ^aS&c^>^ -^ 
^cations of exact caAc\i\atvoT\ to\vex ^.^xvotcv^Tv^. 
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^•) To take an instance more within ordinary appre- 
ion. An eminent living geometer had proved by cal- 
JonSy founded on strict optical principles, that in the 
'e of the shadow of a small circular plate of metal, ex- 
d in a dark room to a beam of light emanating fh)m a 
small brilliant pointy there ought to be no darkness, — in 
no shadow at that place ; but, on the contrary, a degree 
umination precisely as bright as if the metal plate were 
^ Strange and even impossible as this conclusion 
seem, it has been put to tlie trial, and found perfectly 

JCt. 

5.) We shall now proceed to consider more particu- 
, and in detail, — 

The nature and objects immediate and collateral of 
physical science, as regarded in itself, and in its 
application to the practical purposes of life, and its 
influence on the well-being and progress of society. 
. The principles on which it relies for its successml 
prosecution, and the rules by which a systematic 
examination of nature should be conducted, with 
examples illustrative of their influence. 

The subdivision of physical science into distinct 
branches, and their mutual relations. 



CHAP. m. 

HE NATUIlE AND OBJECTS, IMMEDIATE AND COLLAT- 
LAL, OF PHYSICAL SCIENCE, AS REGARDED IN ITSELF, 
FD IN ITS APPLICATION TO THE PRACTICAL PURPOSES 
' LIFE, AND ITS INFLUENCE ON THE WELL-BEING AND 
tOORESS OF SOCIETY. 

6.) The first thing impressed on us feota. o\st ^m£^ss^ 
3y is, that events do not succeed erne ^svo^iofix ^ "WfSi: 
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dom, but with a certain degree of order, regularity, and 
connection; — some constantly, and, as we are apt to 
think, immutably, — ^as the alternation of day and nigh, 
summer and winter,— others contingendy, as the motioa 
of a body from its place if pushed, or the burning of a stick if 
thrust into the fire. The knowledge that tlie former class 
of events hcu gone on, uninterruptedly, for ages beyond al 
memory, impresses us with a strong expectation that it vi 
continue to do so in tlie same manner ; and tlius our notioo 
of an order of nature is originated and confirmed. If 
every thing were equally regular and periodical, and the 
succession of events liable to no change depending on dv 
own will, it may be doubted whether we should ever think 
of lookine for causes. No one regards the night as the 
cause of the day, or the day of night. They are ai- 
temate effects oi a common cause, which their regular 
succession alone gives us no sufficient clew for deterrainiog* 
It is chiefly, perhaps entirely, from the other or contingent 
class of events that we gain our notions of cause and effect 
From lliem alone we gather that there are such thins^s as 
laws of nature. The very idea of a law includes that of 
contingency. ^^ Si quia mala carmina condidissetj fiute 
feritof^ if such a case arise, such a course shall be follovr- 
ed, — if the match be applied to the gunpowder, it will ex- 
plode. Every law is a provision for cases which may oc- 
cur, and has relation to an infinite number of cases that 
never have occurred, and never will. Now, it is this pro- 
vision, a priori^ for contingencies, this contemplation of 
possible occurrences, and predisposal of what shall happen, 
that impresses us with the notion of a law and a cause- 
Among all the possible combinations of die fifty or sixty 
elements which chemistry shows to exist on the earth, it is 
likely, nay almost certain, that some have never been form- 
ed ; tliat some elements, in some proportions, and under 
some circumstances, have never yet been placed in relation I 
with one another. Yet no chemist can doubt that it is (J- ] 
ready fixed what they vi'\\\ do wheiv the case does occur. | 
They will obey certain \^vjs, o^ nnVvvcVv xN^Vjosiw v««SMn^ a: • 
present, but which mual be t\ce^.^^ ^^^^, w ^^»5^ ^s^ 
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not be laws. It is not by habit, or by trial'and failure, that 
they will learn what to do. Wben the contingency occurs, 
there will be no hesitation, no consultation ;— their course 
will at once be decided, and will always be the same if it 
3ccur ever so often in succession, or in ever so many 
places at one and the same mstant. This is the perfection 
of a law, that it includes all possible contingencies, and en- 
sures implicit obedience, — and of this kind are the laws of 
nature. 

(27.) This use of the word lawy however, our readers 
will of course perceive, has relation to us as understanding, 
rather than ib the materials of which the universe consists 
as obeying, certain rules. To obey a law, to act in compli^ 
once with a rule, supposes an undei-standing and a will, a 
power of complying or not, b the being who obeys and 
complies, which we do not admit as belonging to mere mat- 
ter. The Divine Author of the universe cannot be sup- 
posed to have laid down particular laws, enumerating all 
mdividual contingencies, which his materials have under- 
stood and obey, — ^this would be to attribute to him the im- 
perfections of human legislation ; — ^but ratlier, by creating 
them, endued with certain fixed qualities and powers, he 
has impressed them in their origin with the spirit, not the 
letter, of his law, and made all their subsequent combina- 
tions and relations inevitable consequences of this first im- 
pression, by which, however, we would no way be under- 
stood to deny the constant exercise of his direct power in 
maintaining the system of nature, or the ultimate emanation 
of every energy which material agents exert from his im- 
mediate will, acting in conformity with his own laws. 

(28.) The discoveries of modem chemistry have gone 
far to establish the truth of an opinion entertained by some 
of the ancients, that the universe consists of distinct, sep- 
arate, indivisible atoms, or individual beings so minute a? 
to escape our senses, except when united by millions, and 
by this aggregation making up bodies of even the smallest 
visible bdk: ; and we have the strongest evidence that, al- 
though there exist great and esseuuSV dL\Set^XkC.«s»>3DL\a&^ 
uah am<mg these atoms, ihey may yex ^Nife ^rwsv^^ji^'^ ' 
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very limited number of groups or classes, all the individuals 
of each of which are^^ to all intents and purposes, exacdy 
alike in all their properties. Now, when we see a great 
number of things precisely alike, we do not believe this 
similarity to have originated except from a common princi- 
ple independent of them ; and that we recognise this like- 
ness, chiefly by the identity of their deportment under sim- 
ilar circumstances, streng&ens rather than weakens the 
conclusion. A line of spinning-jennies,* or a regiment of 
soldiers dressed exacdy alike, and going through precisely 
. the same evolutions, gives us no idea of independent exist- 
ence : we must see them act out of concert before we can 
believe them to have independent wills and properties, not 
impressed on them from without. And this conclusigo, 
which would be strong even were there only two individu- 
als precisely alike in aU respects and ybr ever, acquires irre- 
sistible force when their number is multiplied beyond the 
power of imagination to conceive. If we mistake not, theO) 
the discoveries alluded to effectually destroy the idea of an 
eternal self-eodstent matter, by giving to each of its atoms 
the essential characters, at once, of a manufactured article, 
and a subordinate agent. 

(29.) But to ascend to the origin of things, and specu- 
late on the creation, is not the business of the natural phi- 
losopher. An humbler field is sufficient for him in the en- 
deavor to discover, as far as our .faculties will permit 
what are these primary qualities originally and unalterabk 
impressed on matter, and to discover the spirit of the lavs 
of nature, which includes gi'oups and classes of relations 
and acts from the letter which, as before observed, is pre- 
sented to us by single phenomena : or if, after all, this 
should prove impossible ; if such a step be beyond our fac- 
ulties; and die essential qualities of material agents be 
really occult, or incapable of being expressed in any fomi 
intelligible to our understandings, at least to approach as 
near to their comprehension as the nature of the case wiB 
allow ; and devise such foravs of words as shall include and 

* Little reels used m cio^ik tnX\« \n V:«S&\. ^% ^T«i^ 
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represent the greatest possible multitude and variety of phe- 
nomena. 

(30.) Now, in this research, there would seem one great 
question to be disposed of before our inquiries can even be 
commenced with any thing like a prospect of success, which 
is, whether the laws of nature themselves have that degree 
of permanence and fixity which can render them subjects 
of systematic discussion ; or whether, on the other hand, 
the qualities of natural agents arc subject to mutation from 
the kpse of time. To tlie ancients, who lived in tlie infan- 
cy of die world, or, rather, in tlie infancy of man's experience, 
this was a very rational subject of question, and hence their 
distinctions between corruptible and incorruptible matter. 
Thus, according to some among them, the matter only of the 
celestial spaces is pure, immutable, and incoiTuptible, while 
all sublunary things are in a constant state of lapse and change ; 
the world becoming paralysed and efiete with age, and man 
himself deteriorating in character, and diminishing at once in 
intellectual and bodily stature. But to us, who have the ex- 
perience of some additional thousands of years, the question 
of permanence is already, in a great measure, decided in the 
affirmative. The refined speculations of modern astronomy, 
grounding their conclusions on observations made at very 
iremote periods, have proved to demonstration, that one at 
least of the great powers of nature, the force of gravitation, 
the main bond and support of the material universe, has 
undergone no change in intensity fi'om a high antiquity. 
The stature of mankind is just what it was three thousand 
years ago, as the specimens of mummies which have been 
examined at various times sufficiently show. The intellect 
of Newton, Laplace or La Grange, may stand in fair com- 
petition with that of Archimedes, Aristotle, or Plato ; and 
the virtues and patriotism of Washington with the brightest 
examples of ancient history. 

(31.) Again, the researches of chemists have shown that 
what the vulgar call corruption, destruction, kc., is nothing 
but a change of arrangement of the same ingredient eW 
ments, the disposition of the same ma\st\sii^\tAa <i^^\.Sssws>&-, 
without the loss or actual destrucvVotv ol ^ ^\ws^^'a^ss«^N '^ 
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thus any doubts of the permanence of natural laws are ds- 
countenanced, and the whole weight of appearances throini 
into the opposite scale. One of the most obvious cases of 
apparent destruction is, when any thing is ground to dost 
and scattered to the winds. But it is one thing to grind a 
fabric to powder, and another to annihilate its materials: 
scattered as they may be, they must fall somewhere, and 
continue, if only as ingredients of the soil, to perform tbdr 
humble but useful part in die economy of nature. The de- 
struction produced by fire is more striking : in many cases, 
as in die burning of a piece of charcoal or a taper, there is 
no smoke, nothing visibly dissipated and carried away ; the 
burning body wastes ana disappears, while nothing seem to 
be produced but warmtli and light, which we are not indie 
habit of considering as substances ; and when all has dis- 
appeared, except jierhaps some trifling ashes, we naturally 
enough suppose it is gone, lost, destroyed. But when the 
question is examined more exacdy, we detect, in the invisi- i 
blc stream of heated air which ascends from the gb^in: 
coal or flarping wax, the whole ponderable matter, only 
united in a new combination with die air, and dissolved in 
it. Yet, so far from being thereby destroyed, it is only be- 
come again what it was before it existed in the form of 
charcoal or wax, an active agent in the business of the 
world, and a main support of vegetable and animal life, and 
is still susceptible of running again and again the same 
round, as circumstances may determine ; so that, for augbi 
we can see to the contrar}-, the same identical atom may 
lie concealed for thousands of centuries in a limestone rock ; 
may at length be quarried, set firee in the limekiln, mix with 
the air, be absorbed from it by plants, and, in succesaoo, 
become a part of the frames of myriads of living beings, till 
some concurrence of events consigns it once more to a k»e 
repose, which, however, no way unfits it from again re- 
suming its former activity. 

(32.) Now, this absolute indestructibility of the ultimate 
inaterials of the world, \(v ^nods commensurate to our ex- 
perience, and their obsXvtva\« tevexv^Aorcv ol ^^ ^ani^ ^^jin^* | 
ties^ under whatever variety ot c\tc>ttM^»»R«^^^ ^^uw»fc>c^ 
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place them, however violent and seemingly contradictory to 
tbeir natures, is, of itself, enough to render it highly im- 
probahle that time alone should have any influence over 
them. All that age or decay can do seems to be included 
in a wasting of parts which are only dissipated, not destroy- 
ed, or in a change of sensible properties, which chemistry 
demonstrates to arise only from new combinations of the 
same ingredients. But, after all, the question is one entirely 
of experience : we cannot be sure, d priori^ that the laws 
of nature are immutable ; but we can ascertain, by inquiry, 
whether they change or not; and to tliis inquiry all expe- 
rience answers in the negative. It is not, of course, in- 
tended here to deny that great operations, productive of ex- 
tensive changes in the visible state of nature, — such as, for 
instance, those contemplated by the geologists, and embra- 
cing for their completion vast periods of time, — are con- 
stantly going on ; but these are consequences and fulfil- 
ments of the laws of nature, not contradictions or exceptions 
to them. No theorist regards such changes ias alterations 
in the fundamental principles of nature ; he only endeavors 
to reconcile them, and show how they result from laws al- 
ready known, and judges of the correctness of his theory 
by their ultimate agreement. 

(33.) But the laws of nature are not only permanent, 
but consistent, intelligible, and discoverable with such a 
moderate degree of research, as is calculated rather to 
stimulate than to weary curiosity. If we were set down 
as creatures of another world, in any existing society of 
mankind, and began to speculate on their actions, we should 
find it difficult at first to ascertain whether they were sub- 
ject to any laws at all : but when, by degrees, we had 
found out that they did consider themselves to be so, and 
would then proceed to ascertain, from their conduct and 
its consequences, what these laws were, and in what spirit 
conceived, though we might not perhaps have much diffi- 
culty in discovering single rules applicable to particular 
cases, yet, the moment we came to generalize, and endeav- 
or irom these to ascend, step by ^e^, ^sA ^>skrn^^ ^ss^ 
^e&dy permding principle, the m^ss ol \ctf:,ci^^5:^J2»K^% '^ 
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surdities, and coDtradictions, we should encounter, would 
either dbhearten us from further inquiry, or satisfy us thtf 
what we were in search of did not exist. It is quite the 
contrary in nature ; there we find no contradictions, no in- 
congruities, but all is harmony. What once is learnt xn 
never have to unlearn. As rules advance in generalitT. 
apparent exceptions become regular ; and equivoque, io her 
sublime legislation, is as unheard of as maladministratioD. 

(34.) Livbg, then, in a world where such laws obtain. 
and under their immediate dominion, it is manifesdy of the 
utmost importance to know them, were it for no other reason 
than to be sure, in all we undertake, to have, at least, the 
law on our side, so as not to struggle in vain against some 
insuperable difficulty opposed to us by natural causes. 
What pains and expense would not the alchemists, for in- 
stance, have been spared by a knowledge of those sim*ile 
laws of composition and decomposition, which now preclude 
all idea of the attainment of their declared object ! VVhat an 
amount of ingenuit}', tlirown away on the pursuit of tl)e 
perpetual motion, might have been turned to better use. if 
the simplest laws of mechanics had been known and attend- 
ed to by the inventors of innumerable contrivances destined 
to that end ! What tortures, inflicted on patients bv im- 
acinarv cures of incurable diseases, mi«;ht have been dis- 
pensed widi, had a few simple principles of physiolog}' been 
earlier recognised ! 

(35.) But if the laws of nature, on the one hand, are 
invincible opponents, on the other, they are irresistible aux- 
iliaries ; and it will not be amiss if we regard them in each 
of those characters, and consider the great importance of a 
knowledge of them to mankind, — 

I. In showing us how to avoid attempting impasn- 

bilities. 
II. In securing us from important mistakes in attemptifig 
what isj in itself, possible, by means either tnade- 
quate, or actutm^j opposed, to tfic ctmZ in view. 
tIL In enabling us to accomplisK out etvd* Vrv tV* txuMOBL. 
shortest, most economical, anA moit egwtxiA 
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IV. In inducing us to attempt^ and enabling us to 
accomplish, objects which, but for such knotoledgey 
we should never have thought of undertaking. 

We shall therefore proceed to illustrate by examples the 
efiect of physical knowledge under each of these heads : — 

(36.) Ex. 1. (35.) I. It is not many years since an 
attempt was made to establish a colliery at Bexhill, in 
Sussex. The appearance of tliin seams and sheets of 
fossil-wood and wood-coal, with some other indications 
similar to what occur in die neighborhood of the great 
coal-beds in the north of England, having led to the sinking 
of a shaft, and the erection of machinery on a scale of vast 
expense, not less than eighty thousand pounds are said to 
have been laid out on this project, which, it is almost need- 
less to add, proved completely abortive, as every geologist 
would have at once declared it must, the whole assemblage 
of gedogical facts being adverse to the existence of a regu- 
lar coal-bed in the Hastings' sand ; while this, on which 
Bexhill is situated, is separated from the coal-strata by a 
series of interposed beds of such enormous thickness as to 
render all idea of penetrating through them absurd. The 
history of mining operations is full of similar cases, where a 
very moderate acquaintance witli the u^ual order of nature, 
to say nothing of dieoretical views, would have saved many 
a sanguine adventurer from utter ruin. 

(37.) Ex. 2. (35.) II. The smelting of iron requires 
the application of tlie most violent heat that can be raised, 
and is commonly perfoiTned in tall furnaces, urged by great 
iron bellows driven by steam-engines. Instead of employ- 
ing this power to force air into the furnace through the 
intervention of bellows, it was, on one occasion, attempted 
to employ the steam itself in, apparendy, a much less cii^ 
cuitous manner ; viz. by directing the current of steam in a 
violent blast, from the boiler at once into the fire. From 
one of the known ingredients of steam being a highly 
inflammable body, and the other that essential i^art of tbk 
air which supports combustion, *\l \\^% \to».^%.^ "^cR^ '^^ 
wouM have the eilect of increasvEi^ ^e fe^ Nft \s3«Ss^^ 



whereas it sirapJy blew it out; a result which a slight ca 
sideration of ihe laws of cliemical combination, and ll 
state in which the ingredient elements exist in steam, wou 
have enahled any one to predict without a trial. 

(38.^ Ex. 3. (35.) II. After the invention of i| 
diving-oeU, and its success b subaqueous processes, il w: 
considered highly desirahle to devise some means of r, 
maining for any length of time under water, and rising 4 
pleasure without assistance, so as either to examine, j 
leisure, ilie bottom, or perfonn, at ease, any work ihi 
might he required. Some years ago, an ingenious tudivill 
ual proposed a project by which this end was to beacT"^^ 
plished. It consisted in sinking the hull of a ship i 
quite water-tight, with the decks and sides strongly suMWil 
ed by shores, and the only entry secured by a Stout uaa 
door, in such a manner, that by disengaging, from witlui 
the weights employed to sink it, it might rise of itself U) tt 
surface. To render the trial more saiisfactoiy, and tt 
result more striking, the projector himself made the £ 
essay. It was agreed ihat he should sink in twenty fiilbo...^^ 
water, and rise again without assistance at die expirBtioa oi 
twenty-four hours. Accordingly, making aJJ secure, fi 
ing down his trap-door, and provided witli all necessi 
as well as with tlie means of making s^als to indicate b 
simalion, this unhappy victim of his own ingenuity, enteare.^ 
and was sunk. IVo signal was made, and the time appoint 
ed elapsed. An immense concourse of people liad assej 
bled 'to witness his rising, but in vain ; for the vessel w 
never seen more. The pressure of the water at so gn 
a depth had, no doubt, been completely under-estimated 
and the sides of the vessel being at once crushed in, ll 
unfortunate projector perished before he could e 
the signal concerted to indicate his distress. 

CS9.) Ex. 4. (35.) 111. In the granite quarriea I 
Seringapatam the most enormous blocks are separated ii 
the solid I'ock by the following neat and simple proccit 
The workman havine, found a ^rtion of the rock sutficieot' 
(r extensive, and sltualed new \h« ei^ft cil ^ >^t. ^xKiij 
I'iimed, lays bare tlie u-p^t svwfew,, asvi vAKfii,^ la^V 
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fine in the direction of the intended separation, along which 
a groove is cut with a chisel ahout a couple of inches in 
depth. Above this groove a narrow line of fire is then 
kindled, and maintained till tlie rock below is thorough!}* 
heated, immediately on which a line of men and women, 
each provided with a pot full of cold water, suddenly sweep 
off the ashes, and pour the water into the heated groove, 
when the rock at once splits witli a clean fracture. Square 
blocks of six feet in the side, and upwards of eighty feet in 
length, are sometimes detached by lliis method, or by 
another equally simple and cfHcacious, but not easily ex- 
plained widiout entering into particulars of mineralogical 
detail.* 

(40.) Elx. 5. (35.) III. Hardly less simple and effica- 
cious is the process used in some parts of France, where 
mill-stones are made. When a mass of stone sufficiently 
large is found, it is cut into a cylinder several feet high, and 
the question then arises how to subdivide this into horizontal 
pieces so as to make as many mill-stones. For tliis pur- 
pose horizontal indentations or grooves are chiselled out 
Suite round the cylinder, at distances corresponding to the 
lickness intended to be given to the mill-stones, into which 
wedges of dried wood are driven. These are then wetted, 
or exposed to the night dew, and next morning the differ- 
ent pieces are found separated from each odier by the 
expansion of the wood, consequent on its absorption of 
moisture ; an irresistible natural power tlius accomplishing, 
almost without any trouble, and at no expense, an operation 
which, fix>m the peculiar hardness and texture of the stone, 
would otherwise be impracticable but by the most powerful 
machinery or the most persevering labor. 

(41. J Ex. 5. (36.) III. To accomplish our ends quick- 
ly is often of, at least, as much impoitance as to accomplish 
tliem with little labor and expense. There are innumera- 
ble processes which, if left to tiiemselves, i. e, to the ordinary 

* Such a block would weigh between four and five hundred thou- 
sand pounds. See Dr. Kennedy's " Account of the Erecdow ct^C <k 
• Onmte Obeliak of a Single Stone ahout Se^cnV^ Y^\.\^sgcw^'^ ^^'*^- 
gapatam."^Ed. Phil. Trans, vol. ix. p. ^\^. 

26 
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operation of natural causes, are done, and well done, but 
with extreme slowness ; and in such cases it is often of the 
highest practical importance to accelerate them. The 
blej^ching of linen, for instance, perfonned in the natural 
way by exposure to sun, rain, and wind, requires many 
weeks, or even months, for its completion ; whereas, by the 
simple immersion of tlie cloth in a liquid, chemicaDy pre- 
pared, the' same effect is produced in a few hours. The 
whole circle of tlie arts, indeed, is nothing hut one continued 
comment upon this head of our subject. The instances 
above given are selected, not on account of their superior 
importance, but foj- the simplicity and directness of applica- 
tion of the principles on which they depend, to the objects 
intended to be attained. 

(42.) But so constituted is the mind of man, that his 
views enlarge, and his desires and wants increase, in the 
full proportion of the facilities afforded to their gratificatioD» 
and, indeed, with augmented rapidity, so that no sooner has 
the successful exercise of his powers accomplished any 
considerable simplification or improvement of processes sub- 
servient to his use or comfort, than his faculties are again 
on the stretch to extend the limits of his newly acquired 
power ; and having once experienced the advantages which 
are to be gathered by availing himself of some of the powers 
of nature to accomplish liis ends, he is led thenceforward 
to regard them all as a treasure placed at his disposal, if he 
have only the art, the industry, or the good fortune, to pen- 
etrate those recesses which conceal them from immediate 
view. Having once learned to look on knowledge as pow- 
er, and to avail himself of it as such, he is no longer content 
to limit his enterprises to the beaten track of former usage, 
but is constandy led onwards to contemplate objects which, 
in a previous stage of his progress, he would have reearded 
as unattainable and visionary, had he even thought oi them 
at all. It is here diat the investigation of the hidden powers 
of nature becomes a mine, every vein of which is pregnant 
with inexhaustible wealth, and whose ramifications appear 

to extend in all directions vAveiev^t \vuTc«xv'w'a»^s» <»t ^x«vwi- 

ty may lead us to explore. 
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(43.) Between the physical sciences and the arts of life 
there subsists a constant mutual interchange of good offices, 
and no considerable progress can be made in the one with- 
out of necessity giving rise to corresponding steps in the 
other. On the one hand, every art is in some measure, 
and many entirely, dependent on those very powers and 
qualities of the material world which it is the object of 
physical inquiry to investigate and explain ; and, accord- 
mgly, abundant examples might be cited of cases where 
the remarks of experienced artists, or even ordinary work- 
men, have led to the discoveiy of natural qualities, elements, 
or combinations which have proved of the highest importance 
in physics. Thus (to give an instance), a soap-manufacturer 
remarks that the residuum of his ley, when exhausted of 
the alkali for which he employs it, produces a corrosion of 
his copper boiler, for which he cannot account. He puts it 
into -the hands of a scientific chemist for analysis, and the 
result is the discovery of one of the most singular and im- 
portant chemical elements, iodine. The properties of this, 
being studied, are found to occur most appositely in illustra- 
tion and support of a variety of new, curious, and instructive 
views then gaining ground in chemistry, and thus exercise 
a marked influence over the whole body of that science. 
Curiosity is excited : the origin of the new substance is 
traced to the sea-plants from whose ashes the principal 
ingredient of soap is obtained, and ultimately to the sea- 
water itself. It is thence hunted through nature, discovered 
in salt mines and springs, and pursued into all bodies which 
have a marine origin; among the rest, into sponge. A 
medical practitioner* then calls to mind a reputed remedy 
for the cure of one of the most grievous and unsightly dis- 
orders to which the human species is subject — the goitre — 
which infests the inhabitants of mountainous districts to an 
extent that in this favored land we have happily no expe- 
rience of, and which was said to have been originally cured 
by the ashes of burnt sponge. Led by this indication, he 
tries the efiect of iodine on that com.^kvQ^ ^asvd ^^ \«qcJ^ 

* Dr. C(»ndetoiGeii«vaL» 
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establishes the extraordinary feet that diis singular substance, 
taken as a medicine, acts with the utmoai promptitude and 
energy on goitre, dissipating the largest and most inveteraie 
in a short time, and acting (of course, like all medictDes, 
even the most approved, with occasional failures) as ( 
specific, or natural antagonist, against that odious defonnitf. 
It is thus that any accession to our knowledge of natiire ii 
sure, sooner or later, to make itself felt in some praciiciil 
application, and dial a benefit conferred on science by ibl 
casual obsermtion or shrewd remark of evtin an iinsdeDtifie 
or illiterate person infallibly repays itself with inieres^ 
though often in a way that could never have been «t fir* 
contemplated. 

(44.) It is to such observation, reflected upon, liowevCT, 
and matured into a rational and scientific form by a mind 
deeply imbued with the best principles of sound philosopby, 
that we owe the practice of vaccination ; a practice wticli 
has efFeclually subdued, in every country where it has been 
introduced, one of the most frightful scourges of the humaa 
race, end in some extirpated it altogether. Happily foi ua, 
we know only by tradition the ravages of the smaltfX))! " 
h existed among us hardly more Uian a century iff), 
as it would in a few years infallibly exist again, were 
barriers which this practice, and that of inoculation, opj 
to its progress abandoned. Hardly inferior to thia Wrribls 
scourge on land was, within the last seventy or eighty J" 
the scurvy at sea. The sufferings and destruction prodl 
by this horrid disorder on board our ships when, as a i 
tcr of course, h broke out after a few months' voyage, s 
now almost incredible. Deallis to the amount of dglKtt 
ten a day in a moderate ship's company ; bodies sewn i " 
in hammocks, and washing about the decks for wraii 
su-ength and spirits on the part of the miserable mirrinm 
cast (hem overboard ; and eveiy form of loathsome t> 
^^Bcruciating misery of wlucli the human frame is s ' 
^Hfe ; — such are the pictures which the narratives of 
^^Bpenture in those days contvwually offer.* At present 



^ of Commodore GwirEC Xn!BTi\n\l«i— \^^^.^>^l(w 
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scurvy is almost completely eradicated in the navy, pardy, 
no doubt, fit)m mcreased and increasing attention to general 
cleanliness, comfort, and diet ; but mainly frcHn the constant 
use of a simple and palatable preventive, the acid of the 
lanon, served out in daily rations. If the sratitude of man- 
kind be allowed on all hands to be the just meed of the 
philosophic physician, to whose discernment in seizing, and 
perseverance m forcing it on public notice, we owe die great 
safeguard of infant life, it ought not to be denied to those 
whose skill and discrimination have thus strengthened the 
sinews of our most powerful arm, and obliterated one of the 
darkest features in the most gk)rious of all professions. 

(45.) These last, however, are instances of simple obser- 
vation, limited to the point immediately in view, and assum- 
ing only so far the character of science as a systematic 
adoption of good and rejection of evil, when grounded on 
experience carefully weighed, justly entide it to do. They 
are not on that account less appositely cited as instances of 
the importance of a knowledge of nature and its laws to our 
well-bemg ; though, like the great inventions of the mariner's 
compass and of gunpowder, they may have stood, in their 
origin, unconnected with more general views. They are 
ra^er to be looked upon as the spontaneous produce of a 
territory essentially fertile, than as forming part of the suc- 
cession of harvests which the same bountiful soil, diligently 
cultivated, is capable of yielding. The history of iodine 
above related affords, however, a perfect specimen of the 
manner in which a knowledge of natural properties and laws, 
collected fix)m facts having no reference to the object to 

Lond. 1745. So tremendous were the ravages of scurvy, that, in the 
year 1726, admiral Hosier sailed with seven ships of the line to the 
West Indies, and huried his ships' companies twice, and died himself 
in consequence of a broken heart. Dr. Johnson, in the year 1778, 
oould describe a sea-life in such terms as these : — " As to the sailor, 
when you look down from the quarter deck to the space below, you 
see the utmost extremity of human misery, such crowding, such filth, 
BQch stench ! " — " A ship is a prison with the chance of bemg drowned 
—it is worse — ^worse in every respect— worse room, worse air, worse 
food — worse company ! " SmoUet, wYio YiaA Y^twcAii «i;:^«^«aR» ^ 
the horrors of a seafaring life in those da.^a, ^n«i% ^\\^^1 ^^R.^sa^ ^ 
tbem in bia Roderick Random. 

26* 
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which they have been subsequently applied, enables us to 
set in array the resources of nature against herself; and 
deliberately, of afore-thought, to devise remedies against the 
dangers and bconveniences which beset us. In this view 
we might instance, too, the conductor^ which, in countries 
where thunder-storms are more frequent and violent than 
in our own, and at sea (where they are attended with pe- 
culiar danger, both from the greater probability of accident, 
and its more terrible consequences when it does occur,) 
forms a most real and efficient preservative against the 
effects of lightnmg * : — the safety-tampy which enables us to 
walk with light and security while surrounded with an atmos- 
phere more explosive than gunpowder : — the Kfe-ioat, 
which cannot be sunk, and which offers relief in circum- 
stances of all others the niost distressing to humanity, and 
of which a recent invention promises to extend the principle 
to ships of the largest class : — ^the lighthousey with the cap- 
ital improvements which the lenses of Brewster and FresneL 
and the elegant lamp of lieutenant Drummond, have confer- 
red, and promised yet to confer by their wonderful powers, 
the one of producing the most intense light yet known, the 
others of conveying it undispersed to great distances :— the 
discovery of the disinfectant powers of chlorine, and its ap- 
plication to the destruction of miasma and contagion : — ^that 
of quinine, the essentia] principle in which reside the febri- 
fuge qualities of the Peruvian bark, a discovery by which 
posterity is yet to benefit in its full extent, but which has 
already begun to diffuse comparative comfort and heahh 
through regions aknost desolated by pestiferous exhala- 
tionsf ; — and, if we desist, it is not because the list is ex- 

* Throughout France the conductor is recoffnised as a moat valuable 
and useful instrument ; and in those parts of Germany where thunder- 
storms are still more common and tremendous, they are become nearly 
universal. In Munich there is hardly a modem house unpronded 
with them, and of a much better construction than ours — several cop- 
per wires twisted into a rope. 

t We have been informed by an eminent physician in Rome, (Dr. 
Morichini,) that a vast quanUty o{ the vwl^hate of quinine is manu&e- 
tared there and consumed in me CaxnvMgci^> Vv^ %xl «s\^«fwVe€G&ct ia 
'oitigtttiDg the severity oC l\ie ma!kai\o>3A cQ«Bv^aiai\& "viVXOfik ^SSawx^fea^ 
inhabitants. 
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hausted, but because a sample, not a catalogue, is in- 
tended. 

(46.) One instance more, however, we will add, to 
illustrate the manner in which a most familiar effect, which 
seemed destined only to amuse children, or, at best, to 
fiimish a phibsophic toy, may become a safeguard of human 
life, and a remedy for a most serious and distressing evil. 
In needle manufactories the workmen who point the nee- 
dles are constantly exposed to excessively minute particles 
of steel which fly from the grindstones, and mix, though 
imperceptible to the eye, as the finest dust in the air, and 
are inhaled with their breath. The effect, though imper- 
ceptible on a short exposure, yet, being constantly repeated 
fix)m day to day, produces a constitutional irritation depen- 
dent on the tonic properties of the steel, which is sure to 
terminate in pulmonary consumption ; insomuch, that per- 
sons employed in this kind of work used scarcely ever to 
attain the age of forty years.* In vain was it attempted 
to purify the air before its entry into the lungs by gauzes 
or linen guards ; the dust was too fine and penetrating to be 
obstructed by such coarse expedients, till some ingenious 
person bethought him of tliat wonderful power which every 
child who searches for its mother's needle with a magnet, 
or admires the motions and arrangement of a few steel filings 
on a sheet of paper held above it, sees in exercise. Masks 
of magnetized steel wire are now consti'ucted and adapted 
to the faces of the workmen. By these the air is not 
merely strained but searched in its passage through them, 
and each obnoxious atom arrested and removed; 

(47.) Perhaps there is no result which places in a strong- 
er light the advantages which are to be derived from a 
mere knowledge of the usual order of nature, without any 
attempt on our part to modify it, and apart from all consider- 
ation of its causes, than the institution of life-assurances. 
' Nothing is more uncertain than the life of a single individual ; 
and it is the sense of this insecurity which has given rise to 

such institutions. They are, in their nature and objects, 

« > 

* Dr. Johnson, Memoirs of t\\e 1Ae^\cia\ ^^XfcVjs^^-^ - 
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the precise reverse of gambling speculatioiis, their object 
being to equalise vicissitude, and to place the pecuniary 
relations of numerous masses of manlund, in so far as they 
extend, on a footing independent of individual casualty. 
To do this with the greatest possible advantage, or, indeed, 
with any advantage at all, it is necessary to know the laws 
of mortality, or the average numbers of individuals, out of 
a great multitude, who die at every period of life from in- 
fancy to extreme old age. At first sight this would seem 
a hopeless inquiry ; to some, perhaps, a presumptuous one. 
But it has been made ; and the result is, that, abating extra- 
ordinary causes, such as wars, pestilence, and the like, a 
remarkable regularity does obtain, quite sufficient to zBoitd 
grounds not only for general estimations, but for nice calcu- 
lations of risk and adventure, such as infallibly to insure the 
success of any such institution founded on good compu- 
tations ; and thus to confer such stability on the fortunes of 
families dependent on the exertions of one individual as to 
constitute an important feature in modem civilization. The 
only thing to be feared in such institutions is their too great 
multiplication and consequent competition, by which a spirit 
of gambling and under-bidding is liable to be generated 
among their conductors, and the very mischief may be pro- 
duced, on a scale of frightful extent, which they are espe- 
cially intended to prevent. 

(48.) We have hitherto considered only cases in which 
a knowledge of natural laws enables us to improve our con- 
dition, by counteracting evils of which, but for its possession, 
we must have remained for ever the helpless victims. Let 
us now take a similar view of those in which we are enabled 
to call in nature as an auxiliary to augment our actual pow- 
er, and capacitate us for undertakings, which without such 
aid might seem to be hopeless. iNow, to this end, it is 
necessary that we should form a just conception of what 
those liidden powers of nature are, which we can at pleasure 
call into action ; — ^how far they transcend the measure of 
human force, and set at naught the efibrts, not only of in- 
dividunls, but of whole nauows o^ rcvetv. 

(49.) It is well known lo modem ew^vnR«t^^'^Dax\\Nwtvi 
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virtue in a bushel of coals properly consumed,' to raise 
seventy millions of pounds weight a foot high. This is 
actuaUy the average efl^ct of an engine at this moment work- 
ing in Cornwall.* Let us pause a moment, and consider 
what this is equivalent to in matters of practice. 

(50.) The ascent of Mont Blanc from the valley of 
Cbamouni b considered, and witli justice, as the most toil- 
some feat that a strong man can execute in two days. The 
combustion of two pounds of coal would place hmi on the 
summit, f 

(51.) The Menai Bridge, one of the most stupendous 
works of art that has been raised by man in modem ages, 
consists of a mass of iron, not less than four millions of 
pounds in weight, suspended at a medium height of about 
120 feet above the sea. The consumption of seven bushels 
of coal would suffice to raise it to the place where it hangs. 

(52.) The great pyramid of Egypt is composed of gran- 
ite. It is 700 feet in the side of its base, and 500 in per- 
pendicular height, and stands on eleven acres of gi'ound. 
Its weight is, dierefore, 12,760 millions of pounds, at a 
medium height of 125 feet ; consequently it would be raised 
by the efibrt of about 630 chaldrons of coal, a quantity con- 
sumed in some founderies in a week. 

(53.) The annual consumption of coal in London is 
estimated at 1,500,000 chaldrons. The efibrt of this quan- 
tity would suffice to raise a cubical block of marble, 2200 
feet in the side, through a space equal to its own height, or 
to pile one such mountain upon another. The Monte 
Nuovo, near Pozzuoli, (which was erupted in a single night 
by volcanic fire,) might have been raised by such an eflbrt, 
from a depth of 40,000 feet, or about eight miles. 

(54.) It will be observed, that, in the above statement, 
the inherent power of fuel is, of necessity, greatly under- 

* The engine at Huel Towan. See Mr. Hen wood's Statement '* of 
the performance of steam-engines in Cornwall for April, May, and 
June, 1829." Brewster's Journal, Oct. 1829.— The highest monthly 
average of this engine extends to 79 millions of pounds. 

t However, this is not quite a fair statement; a. mw*% ^vSX^V&Rst 
is about 4 Iba. of coals. The extreme to\\ ol VSocia ^^^fexvN.vcev^'^ 'nswsv 
other obvious causes than the mere YieigYit. 



310 • DISCOURSE ON THE STUDY 

rated. It is not pretended by engineers that the economy 
of fuel is yet pushed to its utmost limit, or that the wliok 
effective power is obtained in . any application of fire yet 
-devised ; so that were we to say 100 millions instead of 70, 
we should probably be nearer the truth. 

(55.) The powers of wind and water, which we are 
constantly impressing into our service, can scarcely be call- 
ed latent or hidden ; yet it is not fully considered, in general, 
what they do effect for us. Those who would judge of 
what advantage may be taken of the wind, for example, 
even on land, (not to speak of navigation,) may turn their 
eyes on Holland. A great portion of the most valuable 
and populous tract of this country lies much below the level 
of the sea, and is only preserved from inundation by the 
maintenance of embankments. Though these suffice to 
keep out the abrupt influx of the ocean, they cannot oppose 
that law of nature, by which fluids, in seeking their level, 
insinuate themselves through tlie pores and subterraneous 
channels of a loose, sandy soil, and keep the country in a 
constant state of infiltration from below upwards. To coun- 
teract this tendency, as well as to get rid of die rain water, 
which has no natural outlet, pumps worked by windmills 
are established, in great numbers, on the dams and embank- 
ments, which pour out the water, as from a leaky ship, and 
in effect preserve the countiy from submersion, by taking 
advantage of every wind that blows. To drain the Aaarlero 
lake* would seem a hopeless project to any speculators but 
those who had the steam-ene;ine at their command, or had 
learnt in Holland what might be accomplished by the con- 
stant agency of the desultory but unwearied powers of wind. 
But the Dutch engineer measures his surface, calculates the 
number of his pumps, and, trusting to time and his experi- 
ence of the operation of the winds for the success ol his 
undertaking, boldly forms his plans to lay dry the bed of an 

* Its surface is about 40,000 acres, and medium depth about 20 feet. 
It wsis proposed to drain it by running embankments across it, and thui 
cutting it up into more m&ii?Lge%\>\e ^otWowa Vo be drained by wind- 
mills. 
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inland sea, of which those who stand on one shore cannot 
see the other.* 

(66.) To gunpowder, ^ a source of mechanical power, 
it seems hardly necessary to call attention ; yet it is only 
when we endeavor to confine it, that we get a full concep- 
tion of the immense energy of that astonishing agent. In 
count Rumford's experiments, twenty-eight grains of powder 
confined in a cylindrical space, which it just filled, tore 
asunder a piece of ii*on which would have resisted a strain 
of 400,000 Ibs.f , applied at no greater mechanical disad- 
vantage. 

(67.) But chemistry furnishes us with means of calling 
into sudden action forces of a character infinitely more 
tremendous than that of gunpowder. The terrific violence 
of the different fulminating compositions is such, that diey 
can only be compared to those untamable animals, whose 
ferocious strength has hitherto defied all useful management, 
or rather to spirits evoked by the spells of a magician, 
manifesting a destructive and unapproachable power, which 
makes him but too happy to close his book, and break his 
wand, as the price of escaping unhurt from die storm he 
has raised. Such powers are not yet subdued to our pur- 
poses, whatever they may hereafter be ; but, in the expan- 
sive force of gases, liberated slowly and manageably from 
chemical mixtures, we have a host of inferior, yet still most 
powerful, energies, capable of being employed in a variety 
rf useful ways, according to emergencies. J 

(68.) Such are the forces which nature lends us for the 
u^complishment of our purposes, and which it is the province 

* No one doubts the practteabiliiy of the un4ertaking. Eight or 
line thousand chaldrons of coals duly burnt would evacuate the whole 
contents. But many doubt whether it would be profitable, and some, 
considering that a few hundreds of fishermen who gain their livelihood 
>a its waters would be dispossessed, deny that it would be deiirahle, 

t " Experiments to determine the Force of fired Gunpowder.** Phil. 
Trans, vol. Ixxxvii. p. 264. ct seq. 

X See a very ingenious application of this Itind in Mr. Bal)bage*s 
article on piving, in the Encyc. Metrop. — Others will readily suggest 
themselves. For instance, the ballast in reserve of a ballooa mi^t 
consist of materials capable of evo\v\n^ p-^^l ^V^"Mi>\^^'^ ^^^ V^^^H?^^ 
XB3 in proportion to their weight, should aucVi \k^ WxtA> 
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of practical Mecbanica to leach us to combine and apply in 
the most advantageous manner; without which the mere 
command of power would amount to nothmg. Praoiical 
Mechanics is, m the mrat pre-eminent sense, a tcientific ml; 
and it may be ti'uly asserted, that almost all the great com- 
binations of modern mechanism, and many of its refinemenls 
and nicer improvements, are creations of pure intellect, 
grouodiog its exertion upon a moderate number of raiy 
elementary propositions in theoretical mechanics and geom- 
etry. On uiis head we might dwell long, and find ample 
matter, both for reflection and wonder ; but it would requite 
not volumes merely, but libraries, to enumerate and descnbe 
the prodigies of ingenuity which have been lavished on 
Very thing connected with machinery and engineering- 
j" these it is that we are enabled to diflbse over the whole 
h the productions of any part of it ; to fill every comer 
F it with miracles of an and labor, in exchange for lis 
Kuliar commodities ; and to concentrate around us, iii 
• dwellings, apparel and utensils, the skill and work- 
mship not of a few expert individuals, but of all 
lo, in the present and past generations, have coninb- 
ted their improvements to the processes of our manufoe- 

' (590 The transfoiraations of chemistry, by which we are 
babied to convert the most apparently useless materiBls 
important objects in the arts, are opening up to us, 
rery day. sources of wealth and convenience of which 
fmer ages had no idea, and which have been pure p* 
of science to man. Every department of art has feh u 
influence, and new instances are continually starting k 
of the unlimited resources which this wonderful scien 
developes in the most slerile parts of nature. Not torn 
lion the impulse which its progress has given I 
of other sciences, which will come more particulu 
under consideration in another part of this discourse ; * 
strange and unexpected results has it not brought to 
in Its application to some of the most commoa t ' 
Wjo, for instance, wouVA^ia-ve cnacev^e^ ^ 
ri^Ore capable of producing more th«R ^ 



OF NATURAL PHILOSOPHY. 313 

by the simple agency of one of the cheapest and 
ibundant acids ?*— rthat dry bones could be a maga- 
)f nutriment, capable of preservation for years, and 
to yield up their sustenance in the form best adapted 

support of life, on the application of that powerful 

steam, which enters so largely into all our processes, 
an acid at once cheap and durable ?f — ^that sawdust 
is susceptible of conversion into a substance bearing 
mote analogy to bread ; and thouch certainly less 
ble than that of flour, yet no way disagreeable, and 
jrholesome and digestible, as well as highly nutritive ? J 

economy, in all processes where chemical agents 
Qployed, is introduced by the exact knowledge of 
"oportions in which natural elements unite, and their 
J powers of displacing each other ! What perfection 
the arts where fire is employed, either in its more 
t applications, (as, for instance, in the smelting of 
5 by the introduction of well adapted fluxes, where- 
I obtain the whole produce of the ore in its purest 
I or in its milder forms, as in sugar refining (the whole 
m practice of which depends on a curious and deli- 
emark of a late eminent scientific chemist on the 
idjustment of temperature at which the crystalliza- 
F syrup takes place) ; and a thousand other arts which 
lid be tedious to enumerate ! 

K) Armed with such powers and resources, it is no 
;r if the enterprise of man should lead him to form 
xecute projects which, to one iminformed of their 
ds, would seem altogether disproportionate. Were 
o have been proposed at once, we should, no doubt, 
rejected them as such : but developed, as they have 
in the slow succession of ages, they have only taught 
t things regarded impossible in one generation may 
le easy in the next ; and that the power of man over 

acconot. Annales de Chimie, vol. xii. p. 184. 
Arcet. Annales de 1' Industrie. Fevrier, 1829. 
e Dx. Prout*s account of the experiments of ^rofe«soi: A^a^K^- 
r Tubin^ren. Phil. Trans. 1827, p. Sa\. 'Y:\i\% ^a&wssw^.-^CjSs^ 
famine next to impossihle, deserves ?L\\\^e\ ^ij.^^'fc oV'yesjfiwc 
it has obtained. 
27 
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nature is limited only by the one condition, that it 
must be exercised in conformity with the laws of nature. 
He must study those laws as he would the disposition of a 
horse he would ride, or the character of a nation he would 
govern ; and the moment he presumes either to thw^ut her 
niodamental rules, or ventures to measure his strength with 
hers, he is at once rendered severely sensible of his im- 
becility, and meets the deserved pimishment of his rashness 
'and folly. But if, on the other hand, he will consent to 
use, without abusing, tlie resources thus abundantly placed 
at his disposal, and obey that he may command, there 
seems scarcely any conceivable limit to the degree in 
which the average physical condition of great masses of 
mankind may be miproved, their wants supplied, and their 
conveniences and comforts increased. Without adopting 
such an exaggerated view, as to assert that the meanest in- 
habitant of a civilized society is superior in physical condition 
to the lordly savage, whose energy and uncultivated ability 
gives him a natural predominance over his fellow denizens of 
the forest, — at least, if we compare like ^ith like, and con- 
sider the multitude of human beings who are enabled, in an 
advanced state of society, to subsist in a decree of comfort 
and abundance, which at best only a few oi the most for- 
tunate in a less civilized state could conmiand, we shall 
not be at a loss to perceive the principle on which we 
ought to rest our estimate of the advantages of civilization ; 
and which applies with hardly less force to every degree 
of it, when contrasted with that next inferior, than to 
the broad distinction between civilized and barbarous life 
in general. 

(61.) The difference of the degrees in which the indi- 
viduals of a great community enjoy the good things of life 
lias been a theme of declamation and discontent in all 
ages ; and it is doubtless our paiamount duty, in every 
state of society, to alleviate the pressure of the purely 
evil part of this distribution as much as possible, and, by 
all the means w^e can deV\se, ^ecxix^ ^Xvil^wer links in the 
chain of society from dr?iggLtv^ Vcv ^\^cyw3t ^aA^^r^Ns&si 
nes8 : but there is a poml oi \\eNN 'm \n\\\Os\ ^^ ^^Y^^sst^ 
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.at least materially altered in its expression. In comparing 
society, on its present immense scale, with its infant or less 
developed state, we must at least take care to enlarge 
every feature in the same proportion. If, on comparing 
the very lowest states in civilized and savage life, we admit 
a difficulty in deciding to which the preference is due, at 
least m ever}' superior grade we cannot hesitate a moment ; 
and if we institute a similar comparison in every different 
stase of its progress, we cannot fail to be struck with the 
rapid raie of dilatation which every degree upward of the 
scale, so to speak, exhibits, and which, in an estimate of 
averages, gives an immense preponderance to the present 
over every former condition of mankind, and, for aught we 
can see to the contrary, will place succeeding generations in 
the same degree of superior relation to the present that this 
holds to those passed away. Or we may put the same prop- 
osition m other words, and, admitting the existence of eve- 
ry inferior grade of advantage in a higher state of civilization 
wliich subsisted in the preceding, we shall find, first, that, 
taking state for state, the proportional numbers of those who 
enjoy the higher degrees cf advantage increases with a con- 
stantly accelerated rapidity as society advances : and, sec- 
ondly, that the superior extremity of the scale is constantly 
enlarging by the addition of new degrees. The condition of a 

• European prince is now as far superior, in the command of 
real comforts and conveniences, to that of one in the middle 
ages, as that to the condition of one of his own dependants. 
(62.) The advantages conferred by the augmentation 
of our physical resources through the medium of increased 
knowledge and improved art liave this peculiar and re- 
markable property, — ^that they are in their nature diiRisive, 
and cannot be enjoyed in any exclusive manner by a few. 
An eastern despot may extort the riches and monopolize 
the art of his subjects for his own personal use ; he may 
spread around him an unnatural splendor and luxury, and 
stand in strange and preposterous contrast with the general 
penury and discomfort of his peo^\^ \ Vsfc xfia>i ^§^^Je^ ^^^^ 

jewels of gold and rmment of Tvee^WN^o^N^svsX^Ctofc-^^ 

ders of well contrived and e>LCCv\X^^ m«s\\&^^^>2Ct^^'« 
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we use daily, and the comforts which have been invented, 
tried, and improved upon by thousands, in every fbnn of 
domestic convenience, and for every ordinary purpose rf 
life, can never be enjoyed by him. To produce a state of 
things in which the physical advantages of civilized life can 
exist in a high degree, the stimulus of increasing comforts 
and constantly elevated desires must have been felt by 
millions ; since it is not in the power of a few individuals 
to create that wide demand for usefiil and ingenious appli- 
cations, which alone can lead to great and rapid im- 
provements, unless backed by that arising fiom the speedy 
diffusion of the same advantages among the mass o( 
mankind. 

^63;]) If this be true of physical advantages, it applies 
with still greater force to intellectual. Knowledge can 
neither be adequately cultivated nor adequately enjoyed 
by a few ; and although the conoitions of our existence oo 
eartli may be such as to preclude an abundant supply of 
the physical necessities of all who may be born, there is no 
such law of nature in force against that of our intellectual 
and moral wants. Knowledge is not, like food, destroyed 
by use, but rather augmented and perfected. It acquires 
not, perhaps, a greater certainty, but at least a confirmed 
authority and a probable duration, by universal assent; 
and there is no body of knowledge so complete but that 
it may acquire accession, or so free from error but that it 
may receive correction in passing through the minds of 
millions. Those who admire and love knowledge for its 
own sake ought to wish to see its elements made accessible 
to all, were it only that they may be the more thoroughly 
examined into, and more effectually developed in their 
consequences, and receive that ductility and plastic quality 
which the pressure of minds of all descriptions, constantly 
moulding them to their purposes, can alone bestow. But 
to this end it is necessary that it should be divested, as for 
as possible, of artificial difficulties, and stripped of all such 
technicalities as tend to p\ace\t. \xv\)cv^\\^\.ol'aL^'ra&.'Mvda 

mystery, inaccessible without, a Vm^ ol iiiY^«s\\>R«^\5^. 

Science, of course, Vike every vVvtv^ ^>a», xv\^ \\& ^n^^ 
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peculiar terms, and, so to speak, its idioms of language ; 
and these it would be unwise, were it even possible, to re- 
linqubh: but every thing that tends to clotlie it in a 
strange and repubive garb, and especially every thing that, 
to keep up an appearance of superiority in its professors 
over the rest of mankind, assumes an unnecessary guise 
of profundity and obscurity, should be sacrificed without 
mercy. Not to do this, is to deliberately reject the light 
whk^h the natural unencumbered good sense of mankind 
is capable of throwing on every subject, even in tlie eluci- 
dation of principles : but where prmciples are to be ap- 
plied to practical uses, it becomes absolutely necessary ; as 
all mankind have then an interest in their being so iamil- 
iarly understood, that no mistakes shall arise in their 
ap{dication. 

(64.J The same remark applies to arts. They cannot 
be perlected till their whole processes are laid open, and 
their language simplified and rendered imiversally intel- 
ligible. Art is the application of knowledge to a practical 
end. If the knowledge be merely accumulated experi- 
ence, the art is empirical; but if it be experience reasoned 
upon and brought under general principles, it assumes a 
hjgher character, and becomes a scientific aii. In the prog- 
ress of mankind from barbaiism to civihzed life, the arts 
necessarily precede science. The wants and cravings of 
our animal constitution must be satisfied ; the comforts, 
and some of the luxuries, of life must exist. Something 
must be given to the vanity of show, and more to the 

G'de of power : the round of baser pleasures must have 
m tried and found insufficient, before intellectual ones 
can gain a footing ; and when they have obtained it, the 
delights of poetry and its sister aits still take precedence 
of contemplative enjoyments, and the severer pursuits of 
thought ; and when these in time begin to charm from 
their novelty, and sciences begin to arise, they will at first 
be those of pure speculation. The mind delights to 
escape fix)m the trammels wlucYv Wd \ioww^\\. v^ ^-^s^^^ 
aod luxuriates in its newly found \>o^et^. A^kexv^*^ "^ 
Bbetrac^ns of geometry — the propexUe^ ol wvwxJsi^'^^^' ^ 

27^ 
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movements of the celestial spheres — ^whatever is abstruse, 
remote, and extramundane — become the first objects of in- 
fant science. Applications come late : the arts continue 
slowly progressive, but their realm remains separated from 
that of science by a wide gulf which can only be passed by 
a powerful spring. They form their own language and 
their own conventions, which none but artists can imder- 
stand. The whole tendency of empirical art is to bury 
itself in technicalities, and to place its pride in particular 
short cuts and mysteries known only to adepts ; to sur- 
prise and astonish by results, but conceal processes. The 
character of science is the direct contrary. It delights to 
lay itself open to inquiry, and is not satisfied with its con- 
clusions, till it can make the road to them broad and beat- 
en : and in its applications it preserves the same charac- 
ter ; its whole aim being to strip away all technical mys- 
tery, to illuminate every dark recess, and to gain free 
access to all processes, with a view to improve them on 
rational principles. It would seem that a union of two 
qualities almost opposite to each otlier — ^a going forth of 
the thoughts in two dii*ections, and a sudden transfer of 
ideas from a remote station in one to an equally distant 
one in the other — is required to start the first idea of ap- 
plying science. Among the Greeks, this i>oint was attained 
Dy Archimedes, but attained too late, on the eve of that 
great eclipse of science which was destined to continue for 
nearly eighteen centuries, till Galileo in Italy, and Bacon 
in England, at once .dispelled the darkness ; the one by 
his inventions and discoveries, the other by the iiTesistible 
force of his arguments and eloquence. 

(65.^ Finally, the improvement effected in the condition 
of mankind by advances in physical science as applied to 
the useful purposes of life, is very far from being limited to 
their direct consequences in the more abundant supply of 
our physical wants, and the increase of our comforts. 
Gi-eat as these benefits ax<i,\.Vv^Y ^^'^ Y^^ ^"^ steps to others 
of a stiJl higher kind. T\\c ^wcc^^'M. \^'s^v^ ^< our ex- 
periments and reasonm^^ vc\ w^VwvA ^jJvx^^'^^n^xn^ ^«\\^^^ 
incalculable advantag^es \v\\\e\\ e^^r.^^^^^. ^>j^\^\vs\>r^ 
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consulted and dispassionately reasoned on, has conferred 
in matters purely physical, tend of necessi^ to impress 
scmiething of the well weighed and progressive character 
of scioice on the more complicated conduct of our social 
and moral relations. It is thus that legation and politics 
become gradually regarded as experimental sciences ; and 
history, not, as formerly, the mere record of tyrannies and 
slaughters, which, by immortalizing the execrable actions 
of one age, perpetuates the ambition of committing them 
in every succeeding one, but as the archive of experi- 
ments, successiiil and unsuccessful, gradually accumulating 
towards the solution of the grand problem — ^liow the ad- 
vantages of government are to be secured with the least 
possible inconvenience to the governed. The celebrated 
apophthegm, that nations never profit by experience, be- 
comes yearly more and more untrue. Political economy, 
at least, is found to have sound principles, founded in 
the moral and physical nature of man, which, however 
lost sight of in particular measures — ^however even tempo- 
rarily controverted and borne down by clamor — ^have yet 
a stronger and stronger testimony bome to them in each 
succeeding generation, by which ibey must, sooner or later, 
prevail. The idea once conceived and verified, that great 
and noble ends are to be achieved, by which tlie condition 
of the whole human species shall be permanently betr 
tered, by bringing into exercise a sufficient quantity of 
sober thought, and by a proper adaptation of means, 
is of itself sufficient to set us earnestly on reflecting 
what ends are truly great and noble, either in themselves, 
or as conducive to others of a still loftier character ; be- 
cause we are not now, as heretofore, hopeless of attaining 
them. It is not now equally harmless and insignificant, 
whether we are right or wrong ; smce we are no longer 
supinely and helplessly carried down the stream of events, 
but feel ourselves capable of buffetting at least with 
its waves, and perhaps of riding triumphantly over 
them ; for why,should we desipaiT \5ft»X. ^'^ \<k^^^ x^^^i^ 
Las enabled us fb subdue aHmtut^ \.o cijos ^\ss:^^^'5.^|c^^ 
(If perittitted and assisted oy \ive .^vyMaw^^ ^ ^^ 
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achieve a far more difficult conquest ; and ultimately find 
some means of enabling the collective wisdom of mankind 
to bear down those obstacles which individual short-sight- 
edness, selfishness, and passion, oppose, to all improve- 
ments, and by which the highest hopes are continually 
blighted, and the Surest prospects marred. 
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